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PREFACE. 


In  the  work  of  which  the  present  volume  forms  the  third 
and  concluding  portion,  it  has  been  the  aim  of  the  author 
to  give  the  leading  facts  and  doctrines  of  chemical  science, 
in  as  concise  a  form  as  possible,  without  sacrificing  clear- 
ness and  accuracy  to  brevity.  But  in  order  that  the  reader 
may  be  enabled  to  refer  to  original  sources  when  fiirther 
information  is  needed,  references  have  been  given  to  the 
papers  from  which  the  more  important  details  have  been 
obtained,  particularly  to  the  recent  memoirs  on  organic 
chemistry. 

It  will  be  observed  that  in  the  arrangement  of  the 
present  volume,  free  use  has  been  made  of  the  system  of 
classification  in  homologous  series,  which  was  employed 
with  such  admirable  results  by  the  late  highly  gifted 
M.  Gerhardt,  whose  early  removal  from  the  scene  of  his 
indefatigable  and  successful  labours  the  scientific  com- 
munity have  had  so  recently  to  deplore. 

The  general  method  of  classification  adopted  by  that 
eminent  chemist,  in  his  Traite  de  Chimie  Organique^  excel- 
lent as  it  is  in  many  respects  for  the  advanced  cultivator 
of  the  science,  is  not,  however,  well  adapted  to  the  plan  of 
a  didactic  work  like  the  present;  and  it  was  judged  pre- 
ferable, after  a  preliminary  sketch  of  the  methods  of  inves- 
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tigation  and  classification  employed,  to  commence  the 
detailed  description  of  the  products  of  organic  chemistry 
with  that  of  a  few  of  the  best  known  and  most  familiar 
compounds  derived  from  the  vegetable  kingdom,  although 
their  composition  is  less  simple  than  that  of  many  other 
organic  substances ;  for  this  reason  sugar,  starch,  and  vege- 
table fibre  were  made  the  starting  point ;  and  from  them  the 
transition  was  easy  to  the  processes  of  fermentation,  and 
the  comprehensive  group  of  alcohols,  and  their  derivatives 
the  ethers  and  allied  compounds. 

In  treating  these  various  classes  of  compounds,  the 
author  preferred   to   examine    successively   the   different 
members  of  each  homologous  group,  before  passing  to  the 
consideration  of  the  derivatives  from  the  typical  or  leading 
member  of  each  group.     For  instance,  in  the  case  of  ordi- 
nary  alcohol,  instead  of  describing  ether,  aldehyd,  and  acetic 
acid  in  succession,  the  different  varieties  of  alcohol,  such 
as  wood   spirit,  fousel  oil,  &c.,  are  first  described;    then 
aldehyd  and  its  homologues;  after  them  the  series  of  the 
vinic  acids,  and  then  that  of  the  ethers.  By  thus  presenting 
the  different  members  of  the  same  homologous  series  in 
succession  to  the  student  (see  p.  33),  he  is  enabled  to  trace 
more  readily  their  similarities  and  their  differences,  and  to 
note  the  general  method  adopted  in  their  preparation,  tliau 
if  his  attention  were  distracted  by  passing  to  other  bodies 
of  totally  different  character  and  properties.  This  plan  con- 
duces to  brevity  as  well  as  to  clearness,  and  facilitates  the 
description  of  the  various  series  from  a  more  general  point 
of  view,  than  would  be  readily  practicable,  if  the  arrange- 
ment followed  by  most  writers  since  the  appearance  of 


Liebig's  classical  work  on  organic  chemistry  were  fol- 
lowed. 

The  homologous  and  the  collateral  series  may  be  com- 
pared  to  a  number  of  ladders  placed  side  by  side  against  a 
house.  The  terms  of  a  homologous  series  succeed  each 
other  like  the  rounds  of  a  ladder,  whilst  the  terms  of  the 
derived  and  collateral  series  are  like  those  of  a  second  or  a 
third  ladder  placed  by  the  side  of  the  first.  It  is  safer  and 
easier  to  ascend  or  to  descend  the  steps  of  each  ladder  in 
succession,  than  to  step  across  from  one  ladder  to  the  other. 

In  the  nomenclature  of  the  alcohols  and  their  deriva- 
tives, the  principle  introduced  in  the  case  of  the  hydrocar- 
bons by  Berzelius,  and  more  fully  carried  out  by  Gerhardt, 
has  been  followed,  with  the  view  of  avoiding  the  confusion 
which  would  have  been  introduced  into  this  portion  of  the 
subject,  had  the  names  which  are  frequently  employed  to 
designate  them  been  retained;  for  example  : — 


BotyltM. 

Butyl. 
TetryL 

Botyryl. 

(CsHA) 

Butyryl 

BatylieAloobol. 

(CgHA  HO) 

Tetrylio  Alcohol. 

BatyiioAeid. 

TetTTltna. 

(HO,  CgHjO,), 

Butyric  Add. 

the  lower  series  of  terms  being  those  adopted  in  the 
present  work  ;  and  in  order  to  escape  the  confusion 
between  butyl  the  radicle  of  the  alcohol,  and  butyryl  the 
radicle  of  butyric  acid,  the  Greek  term  tetryl  has  been  sub- 
stituted for  that  of  butyl;  the  series  derived  from  the  alcohol 
being  thus  distinguished  from  that  derived  from  the  acid. 
Names  formed  upon  this  principle,  it  is  true,  are  ofben  less 
euphonious  than  those  which  they  are  designed  to  displace ; 
but  it  is  better  to  sacrifice  euphony  than  precision,  and  the 
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new  terms  liave  the  advantage  of  distinctly  recalling  the 
proportions  of  carbon  wliich  are  present  in  the  respective       i 
componnds  indicated.  H 

It  is  necessary  to  remark  that  certain  axiids,  particularly 
the  carbonic,  the  oxalic,  the  sulphuric,  and  the  sulphurous, 
are  treated  in  tlie  first  and  second  portions  of  the  work  as 
though  they  were  monobasic;  whilst  in  the  third  part  they 
are  viewed  as  dibasic.  At  the  same  time  it  was  stated 
(PP*  574^  ^45?  ii6%)  that  there  are  many  circumstances 
which  render  it  probable  that  the  latter  hypothesis  is 
the  more  correct  one.  It  appeared  to  be  convenient  to 
retain  in  the  elementary  portion  of  the  work,  the  older  view 
which  regards  these  acids  as  monobasic,  and  which  has  been 
hitherto  assumed  in  all  treatises  published  previous  to  that 
of  Gerhardt.  The  necessity  for  theoretical  explanations  at 
an  early  point  in  the  work  was  thus  obviated,  and  the  sim- 
plicity in  the  formuJse  usually  adopted  was  preserved.  In 
the  compHcated  phenomena  of  organic  chemistry,  however, 
the  results  of  experiment  are  more  readily  interpreted  by 
assuming  that  these  acids  are  dibasic. 

In  the  closing  chapter  of  the  work,  a  careful  re^^ew  of  j 
Kopp's  researches  upon  atomic  volumes  and  the  boiling 
point  of  organic  liquids,  is  given :  and  it  is  hoped  that  the 
comparison  of  the  results  of  Andrews  upon  the  heat  of  com- 
bination with  those  obt^uned  by  Favre  and  Silbermann 
upon  the  same  subject,  will  be  found  of  value  and  of  inte- 
rest to  others  besides  the  student. 

In  conclusion,  the  author  desires  to  express  his  sincere 
thanks  to  his  friend  Mr.  C,  Tomlinson,  who  has  with  untiring 
kindness  revised  the  proof  sheets  of  the  entire  work,  and 
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has  made  several  valuable  suggestions  during  its  progress. 
To  his  friend  and  colleague,  Professor  Bloxam,  he  is  also 
indebted  for  the  revision  of  the  proof  sheets  of  a  large 
portion  of  the  third  volume,  and  to  his  patience  and 
accuracy  the  author  desires  to  acknowledge  his  obligation. 

It  may  be  mentioned  that  the  equivalent  of  antimony 
has  recently  been  redetermined  by  Schneider ;  and  according 
to  his  experiments,  which  have  been  confirmed  by  H.  Bose, 
the  equivalent  number  of  this  metal  should  be  reduced  from 
129*0  to  120-3. 

The  difficulty  of  ensuring  complete  accuracy  in  the 
printing  of  complicated  chemical  formulae  can  be  known 
only  to  those  who  have  had  to  see  a  work  of  this  kind 
through  the  press.  Since  these  sheets  have  been  printed, 
several  minute  errors  have  been  discovered,  which  are  in- 
cluded in  a  table  of  errata  at  the  end  of  the  work.  The 
student  will  do  well  to  make  the  corrections  indicated 
previous  to  reading  the  book. 


King's  Collboe,  Lokdon, 
February,  1857. 
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PART  III. 
ORGANIC    CHEMISTRY. 


CHAPTER  I. 

INTRODUCTORY. 


Analysis  of  Organic  Compounds ; — Principles  of  Clxissification ; — 
Metamorphoses  of  Organic  Compounds, 

(897)  Organic  Chemistry^  in  its  primary  signification^  is  that 
division  of  the  science  which  treats  of  the  chemistry  of  organized 
beings,  and  of  the  products  of  their  chemical  actions  upon  matter 
in  its  various  forms. 

It  is  important  in  limine  to  draw  a  clear  distinction  between 
organic  compounds  and  organized  bodies. 

Organic  compounds,  like  those  derived  from  the  mineral 
kingdom,  possess  a  definite  composition,  and  in  many  cases  ex- 
hibit a  perfectly  definite  crystalline  structure.  Bodies,  such  as 
sugar,  urea,  taurin,  quinia,  and  acetic  acid,  belong  to  this  class; 
such  substances  are  often  spoken  of  83  the  proximate  principles  of 
animals  and  vegetables :  many  of  them  may  be  obtained  from 
inorganic  bodies  by  synthesis. 

On  the  other  hand,  organized  bodies,  such  as  muscular  tissue, 
nervous  structure,  cellulose,  and  ligneous  fibre,  never  exhibit  any 
tendency  to  crystalline  structure,  but  show  a  rounded,  vesicular, 
or  fibrous  configuration;  and  are  so  connected  indth  each  other 
as  to  form  parts  of  a  system,  each  of  which  is  incomplete  if  severed 
from  the  remainder.  Bodies  such  as  these  cannot  be  prepared  syn- 
thetically :  they  are  the  result  of  the  action  of  living  bodies  upon 
inanimate  matter ;  a  living  body  having  the  power  of  assimilating 
fresh  particles,  and  of  arranging  them  in  the  special  form  which 
characterizes  the  class  to  which  the  individual  organism  belongs. 

The  study  of  the  chemical  changes  that  occur  during  these 
transformations,  constitutes  physiological  chemistry ^  the  most  diffi- 
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cult  branch  of  the  science.  Its  difficulty  depends,  howevcfj 
upon  the  obscurity  which  enshrouds  the  nature  of  life  itjself ; 
the  essential  nature  of  every  description  of  force,  and  of  the  mt^ 
terious  tie  which  exists  between  matter  and  force,  has  baftled  iti 
penetration  of  the  profoundest  philosophers,  and  belongs  to 
order  of  truths  to  which  the  human  intellect  probably  may 
be  permitted  in  this  sphere  of  its  existence  to  atta'ni. 

The  difliculty  in  the  study  of  the  chemical  elianges  that 
in  the  living  animal  or  plant  depends  rather  upon  the  ext 
delicacy  of  the  arrangements  by  which  these  metamorphoses 
effected ;  and  upon  the  complicated  nature  of  those  arraii^cinenti 
which  are  liable  to  ii»jury  from  a  multiplicity  of  causes  that  hall 
hitherto  eluded  scrutiny.  Other  diliieulties  arise  from  the  facih^ 
with  which  important  changes  arc  effected  in  the  organism  it 
without  being  appreciable  to  human  sense,  save  in  their  result*, 
although  they  may  even  proceed  so  far  as  to  occasion  death.  Til 
hgature  of  a  large  artery  or  the  section  of  a  nerve  effectsi 
alteration  vphieh  can  be  at  once  appreciated  ;  but  when  an  ammal 
is  poisoned  by  a  fraction  of  a  grain  of  acouitinc  or  by  a  fel 
drops  of  hycb*ocyanic  acid^  nothing  indicates  to  the  anatomLst, 
the  microscopic  observer,  or  to  the  chemist,  the  mode  in  whic 
these  bodies  operate  in  suddcrdy  cutting  short  the  life  of  tl 
animal.  The  organization  still  appears  to  be  i>crfect,  yet  th 
liiing  laboratory  no  longer  continues  to  perfomi  its  wonted  oper 
tions,  and  the  inanimate  mass  speedily  falls  under  the  dotninia 
of  ordinary  cliemical  laws.  In  the  liviug  body,  ordinary  chemical 
affinities  are  suspended,  and  com  pounds  are  produced,  which,  when 
released  from  the  influences  under  wbicli  they  originatcdj  quickly 
undergo  fresh  changes,  which  are  manifested  by  the  occurrence  of 
putrefaction  and  decay,  to  which  both  animal  and  vegetable  bodioi 
are  liable  when  they  no  lunger  form  parts  of  the  living  Irame* 
Occasional  instances  of  instability,  somewhat  analogous  to  thoM 
exhibited  by  organized  bodies,  are  seen  in  some  of  the  compounds 
of  inorganic  chemistry ;  but  tliis  perpetual  tendency  to  chan^  is 
one  of  the  distinguishing  and  essential  characteristics  of  living 
bodies.  When  the  plant  or  the  animal  is  performing  its  functions 
in  a  healthy  manner,  these  changes  succeed  cacti  other  in  a  dot 
and  regular  order ;  but  if  this  sequence  be  modified,  even  iu  i 
slight  degree,  disease  generally  ensues,  and  when  the  alteration^ 
reaches  a  certain  amount  or  degree,  death  is  the  speedy 
inevitable  consequence. 

In  the  present  work  the  attention  of  the  reader  will  be  oalj 
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incidentally  directed  to  the  physiological  portion  of  the  subject, 
the  main  object  being  to  exhibit  the  mutual  relations  which 
the  different  chemical  compounds  bear  to  each  other,  and  to  trace 
the  laws  of  their  formation.  Even  with  these  limitations  the 
subject  of  organic  chemistry  is  one  of  great  extent  and  complexity. 

(898)  Organic  products  are  composed  of  a  small  number  of 
elements :  yet  such  products  present  properties  as  much  opposed 
to  each  other  as  it  is  possible  to  imagine;  some  constituting  the 
daily  food  of  man,  others  acting  as  direct  and  violent  poisons :  yet 
these  very  different  bodies  rarely  consist  of  more  than  four  ele- 
ments, viz.,  carbon,  hydrogen,  nitrogen,  and  oxygen ;  a  few  contain 
minute  proportions  of  sulphur  and  phosphorus,  with  certain  earthy 
and  saline  matters. 

The  presence  of  carbon  is  so  uniform  in  organic  bodies,  that 
generally  one  of  the  most  convenient  means  of  ascertaining  if  an 
unknown  body  be  of  organic  origin,  is  to  heat  a  fragment  of  it  in  a 
narrow  test  tube ;  the  carbon  is  thus  separated,  and  the  substance 
becomes  charred  and  blackened,  except  in  a  few  cases  where 
the  material  may  be  wholly  volatilized  without  undergoing  decom- 
position. Several  of  the  essential  oils,  such  as  those  of  turpen- 
tine, elemi,  juniper,  and  attar  of  roses,  consist  of  carbon  and 
hydrogen  only  :  the  same  may  be  said  of  naphthalin,  benzole, 
and  the  illuminating  constituents  of  coal  gas  :  but  the  larger 
number  of  organic  bodies  contain  carbon,  hydrogen,  and  oxygen  ; 
this  occurs,  for  example,  in  the  case  of  sugar,  acetic  acid,  alcohol, 
the  fixed  oils,  and  the  greater  part  of  the  proximate  principles  of 
vegetables.  Nitrogen  is  superadded  to  these  elements  in  many 
instances,  though  such  compounds  are  of  less  frequent  occurrence, 
except  in  highly  organized  portions  of  the  plant  or  animal,  such  as 
the  seed,  or  the  muscular  and  other  animal  tissues;  albumen, 
fibrin,  indigo,  quinia,  and  the  vegetable  alkalies  generally,  contain 
nitrogen  as  an  essential  component.  The  presence  of  nitrogen 
may  in  most  cases  be  ascertained  readily  by  heating  a  small  frag- 
ment of  the  substance  in  a  tube  with  hydrate  of  potash,  when  a 
distinct  odour  of  ammonia  is  perceived. 

The  organs  by  which  these  various  compounds  are  produced 
always  contain  small  quantities  of  alkaline  and  earthy  salts, 
among  which  the  compounds  of  potassium,  sodium,  calcium,  and 
magnesium,  in  combination  with  chlorine,  and  with  sulphuric, 
phosphoric,  and  silicic  acids,  are  the  most  frequent :  in  rarer  cases 
oxides  of  iron  and  manganese  are  met  with,  and  in  still  rarer 
instances,  fluorine,  iodine,  and  bromine.     The  presence  of  certain 
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of  these  saline  boilies  appears  to  be  as  essential  a  condition  to  tliC 
chemical  activity  of  the  growing  plant  or  animal  as  that  of  cjirhon, 
of  hydrogen,  or  of  oxygen.  Bet^ides  these  natund  eoniponents  of 
organic  products,  the  chemist  often  artificially  introduces  other 
elements  for  the  purpose  of  di&secting,  as  it  were,  these  com- 
poimds,  and  of  a^crtaining  the  probable  rational  composition  of 
the  body  under  experiment.  With  this  view  he  cither  produces 
new  compounds  which  contain  sulphur,  phosphorus,  chlorine, 
nitrous  acid,  or  sulphuric  acid;  or  he  obtains  others  in  irhich 
arsenic,  antimony,  zinc,  and  a  variety  of  metallic  eoniiMDunds,  arc 
suLstituted  for  a  portion  of  the  hydrogen  of  the  original  substance. 

{899)  Organic  and  Inorganic  Compfmrnh^—^lany  disting^uishcd 
philosopliers  have  attempted  to  define  the  difiercnec  between 
organic  and  inorganic  chemistry.  Thus,  Laiu'cnt  has  termed 
organic  chemistry  '  the  chemistry  of  carbon,'  and  Liebig  has  defined 
it  as  *  the  chemistry*  of  eonj pound  radicles/  Few  persons,  however, 
would  be  disposed  with  Laurent,  to  consider  carbonic  acid  as  an 
organic  compound,  and  many  chemists  regard  sulphurous  acid, 
wbicli  is  undoubtedly  a  compound  inorganic  substance,  as  the  radicle 
of  a  somewhat  numerous  series  of  bodies  of  inorganic  origin. 

There  is,  in  fact,  no  definite  line  of  demarcation  between  inor- 
ganic and  organic  products.  Amongst  the  productions  of  organized 
nature,  acids,  alkalies,  salts,  and  other  bodies  are  met  with, 
similar  in  chemical  functions  to  those  derived  from  inanimate 
nature ;  and  nil  organic  comjKuiuds  are  subject  to  precisely  the 
same  chemieid  laws  as  those  whii-b  reguUitc  tliti  combinations  and 
decomiKisitions  of  bodies  confessedly  inorganic ;  but  the  com*  ■ 
position  of  the  fonner  being  generally  much  more  complicated 
tliau  that  of  the  latter,  the  balance  of  aftiuity  in  organic  bodies 
is  disturbed  by  slighter  causes;  and  there  are  consequently  an 
unnumbered  variety  of  products  generated  by  slight  moditieations 
of  the  various  forces  to  whicli  organic  substances  arc  suljjected, 

Still,  for  convenience  sake,  it  m  advisable  to  classify  chemical 
compound*  in  some  Aieasure  according  to  their  origin ;  since  those 
derived  from  the  inorganic  world,  from  the  greater  simplicity  oi 
their  composition,  atlbrd  to  tlie  student  the  most  favoural 
instances  for  examining  the  fundamental  laws  of  chemical  comi 
bination,  before  he  proceeds  to  the  investigation  of  the  more  coru- 
plicateil  products  obtained  from  operations  of  the  Ii\nug  vegetable 
or  axumaL 

The  number  of  organic  compotmdB  known  to  chemists  is  very 
great,  and  the  list  is  perpetually  undergoing  increase;  it  therefore 
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cannot  excite  surprise,  if  amongst  them   numerous  instances  of 
isomerism,  metamerism,  and  polymerism  (413)  should  occur. 

The  formation  of  isomerides,  metameridea,  and  polymerides,  as 
bodies  which  possess  the  same  percentage  composition  may  be 
termed,  can  only  be  accounted  for  by  supposing  that  differences  of 
chemical  arrangement  occur  in  these  different  cases.  In  some 
instances  a  rational  explanation  of  the  cause  of  difference  may  be 
given.  A  familiar  example  is  afforded  in  the  case  of  two  meta- 
merides,  acetate  of  methyl,  and  formic  ether.  These  two  bodies 
are  liquids,  which  each  contain  C^H^fl^  they  have  nearly  the  same 
boiling  point  and  specific  gravity,  and  yield  vapours  of  the  same 
density ;  but  there  can  be  no  doubt  that  they  are  differently  con- 
stituted. The  acetate  of  methyl  is  prepared  by  the  action  of 
acetic  acid  upon  wood  spirit,  and  acetic  acid  may  be  extracted 
from  it  by  means  of  an  alcoholic  solution  of  potash,  whilst 
wood  spirit  is  liberated ;  formic  ether  is  the  result  of  an  action 
of  formic  acid  upon  ordinary  alcohol,  and  when  treated  with 
potash  in  the  same  way  as  the  acetate  of  methyl,  betrays  its 
origin  by  yielding  formic  acid  and  alcohol.  The  two  bodies  may 
therefore  be  represented  as  constituted  very  differently,  thus : — 

Acetate  of  Methyl. 

C2H3O,  CjiA=(C6HeOJ;  and, 

Fonnio  Ether. 

b^HA  C,HO;=(CflHeOJ. 

In  other  cases,  such  for  example  as  the  ordinary  sugar  of  fruits 
(CiaHijOi,),  no  reasonable  hypotliesis  of  its  composition  has  been 
offered ;  yet  we  know  of  the  existence  of  several  bodies  isomeric  with 
it,  such  as  hydrated  lactic  and  acetic  acids,  for  which  a  rational 
formula  (282)  has  been  suggested. 

Even  in  substances  of  comparatively  simple  composition,  the 
difficulty  of  framing  a  conclusive  theory  of  their  molecular  arrange- 
ment is  very  great,  as  may  be  seen  by  inspecting  the  following 
table,  which  represents  a  few  of  the  views  which  have  been  taken 
respecting  the  nature  of  hydrated  acetic  acid  : — 

C4H4O4.  .      .      .  Hydrated  Acetic  Acid.     (Empirical  formula.) 
HO,  (C4H3),  O3    Hydrate  of  teroxide  of  Acetyl.   (Liebig.) 

C^HaOalQ^ (Gerhardt.) 

HO,(C2H3),C203Methyloxalic  Acid         .     .     .  (Kolbe.) 
HO,  CalC^Hj)©,.  Methylformic  Acid        .     .     -[(Qerh^dt.) 
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It  must  however  be  borne  in  mind^  that  conjectures  such  as 
thcKC  as  to  the  internal  arrangement  of  organic  bodies  do  but 
represent  probabilities^  which  may  sometimes  be  so  great  as  almost 
to  amount  to  certainty.  The  rational  formulae  which  embody 
these  views^  should  therefore  be  regarded  simply  in  the  light  of 
memoria  technica ;  means  by  which  facts  may  be  riveted  upon  the 
memory^  and  by  which  analogies  that  otherwise  would  escape  the 
notice  of  the  observer  may  be  traced;  and^  above  all^  as  instm- 
inents  by  which  that  precision  may  be  given  to  our  ideas^  which 
is  so  essential  to  the  reception  and  advancement  of  solid  philoao- 
pliical  knowledge. 


On  the  Analysis  of  Organic  Compounds. 

(900)  Proximate  Analysis. — In  the  analysis  of  organic  corn- 
pounds^  two  problems  are  presented  to  the  chemist  for  solution : — 
the  object  of  the  firsts  is  to  separate  the  proiumate  compoYients 
of  the  vegetable  or  animal  product  from  each  other;  whilst  the 
o])jcct  of  tiie  second^  is  to  determine  the  elementary  composition  of 
tiie  ])roximate  principles  thus  isolated.  The  separation  of  wheat 
flour  into  starch,  sugar,  gluten,  ligneous  fibre,  and  oily  matter, 
affords  an  instance  oi jrroximate  analysis;  but  the  determination  of 
the  proportions  in  which  the  carbon,  hydrogen,  and  oxygen  are 
united  in  the  component  starch,  sugar,  or  fibre,  furnishes  an  illus- 
tration of  what  is  meant  by  ultimate  organic  analysis. 

The  proximate  analysis  of  an  organic  compound  is  often  a 
matter  of  great  difficulty.  Tlie  first  process  generally  consists  in 
the  complete  desiccation  of  a  given  weight  of  the  substance  under 
examination,  by  exposing  it  to  a  tempera- 
ture of  from  a  1 2°  to  250°  in  a  water  oven  or 
box  of  sheet  copper,  made  double,  as 
shown  in  Fig.  325 ;  a  being  an  aperture  for 
the  introduction  of  oil  or  of  Mater  into 
the  interval  between  the  external  and  in- 
ternal plates,  the  temperature  being  regu* 
lated  by  a  thermometer  introduced  at  b. 
The  loss  of  weight  which  the  substance 
under  examination  experiences  during  the 
drjing  can  be  accurately  ascertained  when 
needed.  The  dried  material  is  then  pul- 
verized, and  subjected  to  the  action  of 
several  solvents  in  succession,  such  as  ether,  alcohol,  and  water. 
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A  corxverdeiit  apparatus  for  tlic  digestion  of  the  substances  for 
analysis  in  these  menstrua,  is  shown  in  fig.  326  : — a  is  a  glass 
flask  filled  with  the  hqiiid   to    be  employed  as  the  solvent ;   this 
can  he  kept  in  steady  ebullition  by 
the  lamp  beneath,      b,  is  a  tube  of 
glass  or  of  tin-plate,  in  the  contracted 
portion  of  wliich  is  a  plug  of  cotton 
wool/*;  in  this  tnl>e  the  substance  for 
analysis  is  to  be  placed  ;  d,  is  a  short 
lateral  tulx*  to  which  the  tube,  e,  of 
glass  or  of  flexible  metal  is  attached. 
M  is  a  tin- pi  ate  condenser,  which  can 
be  filled  Mith  water  j  h,  is  a  funnel 
for  conveyingeold  water  to  the  bottom 
of  this  refrigerator,  whilst  the  hot 
water  flows  otf  at  the  spout  atiove ; 
through  the  axis  of  m  passes  a  tube,  ff^ 
open  at  lK>th  ends  ;  the  lower  pro- 
jecting extremity  of  tliis  tulK?  is  fitted 
by  a  cork  to  the  top  of  the  tulie  »• 
/  is  a  worm  tube,  the  upper  extre- 
mity of  which   passes   through   the 
side    of    the    refrigerator,    and    is 
adapted  by  a  cork  to  the  tube  e, 
whilst  its  lower  extremity  is  soldered 
to  the  tulje  ff,  into  which 
its  contents  flow  after  they 
have    been    condensed    in 
their  passage  through  the 
refrigerator.      It  is  obvious 
that   by  this   arrangement 
a      perpetual      distillation 
of  the  liquid  in  the  flask 
A,    may  be    readily  main- 
tained;   the  vapour  which 

paflsea  through  the  tube  e,  becomes  condensed  in  the  spiral 
tube  X  ^nd  percolates,  in  the  liquid  form,  through  the  ^Inateriai 
contained  in  0,  carrying  the  soluble  matters  into  the  flask  a, 
where  they  gradually  ac<'umulftte.  If  the  employment  of  metal 
be  in  any  case  objectionable,  glass  vessels  may  be  used, 
but  they  are  more  fragile  and  more  costly  than  those  made  of 
metah 
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Ether  is  particularly  valuable  as  a  solveut  for  fatty  sub^ian 
and  for  caoutchouc  ami  camphor;  alcoliol,  for  the  solution  of  j 
crystalUzahle  orgauic  principles,  such    as   the  vegetable  aU 
whilst  water  dissolves  sugar,  gum,  starch,  and  other  bodies,  wB 
are  nearly  insohible  in  akxihol  and  in  ether.     In  some  cases 
«ole^    in  others  chloroform,   is  a    valuable  solvent,    and    may 
substituted     for     ethers    which     they    most    resemble     in     thw 
solvent    action.      In   particular  ca^es  dilute  acids,  and  in   olhe 
dilute   alkalies   may  be   employed,  but  they  mtist   be  used  wi(( 
caution,  as  tlxey  arc    liable    to    act    not   merely  as    solvents,  but 
also  to  produce  important  chemical  changes  upon  the  coinpoi; 
submitted  to  them.     No  general  rule  can  be   laid  down   for 
extraction  of  the  different   proximate  principles;    each    class 
substaneea  requiring  special  modifications,  which  experience  aloi] 
can  indicate. 

In  all  cases  of  proximate   analysis,   the  employment    of  ti^ 
microscope  will   be   found  invaluable  as  a  means  of  watching 
progress  of  the  separation  of  the  various  principles,  and  of 
taining  whetlier  the  substances  which  the  chemist  has  isolated  ai5^ 
mixed  with    other  bodies   which   may  resemble  them  in  cheinic 
habitudes.    When  a  substance  or  a  deposit  assumes  the  crj-stallii] 
stite,  stieh   on  examination,  by  revealing   the   similarity  or  differ^ 
ence  in  form  of  its  component  particles,  is  often  more  valuable  fa 
a«certaiuing   the  purity  of  a  substance   than   ordinary  cheimc 
reagents. 

It   frequently  happens  that  two  or  more   substances,  of  dif- 
ferent   degrees    of    solubility    in    the    same    menstruum,    qccv 
together :  in  stieh  a  ease,  if  crystallizable,  they  may  often  be  set 
rated  by  re|>eated  crystallizations,  care  being  taken  always  to  sej 
rate  those  crystals  which  are  first  deposited  from  those  which 
formed  subsequently  :  by  successii^e  recrystallizations  of  the  fii 
portions   from   each    crop,  the   least    soluble   compound    may 
obtained  in  a  state  of  purity.     In  other  cases,  if  the  different  eon 
pounds   yield   precipitates  with  the   same  reagent,    but  difler 
the  degree  of  their   alFinity  for   it,  a-^eparation  may  be  cftcctc 
by  adding   a  quantity  of   the    precipitant    insufficient    to    throi 
down,   for  example,  more   than  one-half  of  the  amount  of  sal 
stances  that  may  be  present.      The  salts  of  silver  or  of  lead   maj 
thus  be  added   to  mixtures  of  various  organic  acids,  particiilarlj 
to  such  as,  like  the  fatty  acids,  greatly  resemble  each  otlier  in  pre 
perties»     The  precipitate  is  then  suspended   in  water,  and  dceoui^ 
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posed  by  means  of  sulphuretted  hydrogen,  or  a  dilute  mineral 
acid,  in  order  to  separate  the  metal,  and  liberate  the  acid, 
which  is  again  submitted  to  a  similar  incomplete  precipitation; 
and  this  process  is  repeated  until  the  fusing  point  becomes 
constant,  or  till  some  other  guarantee  of  the  purity  of  the  body 
is  obtained. 

In  the  rectification  of  mixtures  of  volatile  liquids,  analogous 
principles  are  acted  upon ;  in  these  cases  the  boiling  point  is  the 
guide.  The  liquid  is  placed  in  a  retort,  into  the  tubulure  of 
which  a  thermometer  is  fitted,  and  the  temperature  is  raised  till 
the  liquid  boils.  So  long  as  the  temperature  of  the  boiling  liquid 
continues  to  rise,  the  substance  which  distils  must  consist  of  a 
mixture ;  but  as  soon  as  the  point  of  ebullition  becomes  nearly 
stationary,  the  distillate  may  be  supposed  to  have  a  composition 
nearly  uniform;  and  by  rectifying  again  those  portions  which 
distil  at  the  same  fixed  temperatures,  the  diflferent  components  of 
a  mixed  liquid  may  be  obtained  in  a  state  of  purity.  This  pro- 
cess oi  fractional  distillation  is  well  adapted  to  the  separation  of 
liquids,  the  boiling  points  of  which  differ  considerably  from  each 
other;  but  it  does  not  answer  when  they  are  within  20°  or  30° 
of  each  other. 

Licbig  has  applied  a  modification  of  this  method  to  the  sepa- 
ration of  certain  volatile  acids  from  each  other ;  and  it  may  be 
employed  generally  in  such  cases  with  advantage.  This  process 
consists  in  saturating  a  portion  of  the  acid  liquid  with  potash  or 
soda,  and  then  proceeding  with  the  distillation;  the  more  volatile 
acid  passes  over  with  the  distiUate.  Suppose  that  it  be  desired  to 
effect  the  separation  of  butyric  from  valerianic  acid  : — a  certain 
amount  of  potash  is  added,  and  if  this  be  more  than  sufficient 
to  saturate  the  valerianic  acid,  the  distillate  will  consist  of  butyric 
acid  only,  while  the  residue  will  be  a  mixture  of  valerate  and  buty- 
rate  of  potash.  If,  on  the  other  hand,  the  valerianic  acid  be 
more  than  sufficient  to  saturate  the  potash,  the  residue  in  the 
retort  will  consist  of  pure  valerate  of  potash,  and  the  distillate 
will  be  a  mixture  of  butyric  and  valerianic  acids,  which  may  be 
separated  by  a  repetition  of  the  same  process. 

(901)  Ultimate  Analysis. — Before  proceeding  to  the  ultimate 
analysis  of  a  body,  it  is  first  carefully  dried  either  in  the  water 
oven,  or  by  means  of  an  apparatus  similar  to  that  shown  in 
Fig.  327,  in  which  a  represents  a  bent  glass  tube,  in  which  the 
substance  to  be  dried  is  placed ;  b,  a  glass  or  metallic  vessel,  con- 
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tainitig  water,  or  some  saline  solution ;   c,  an  n^pirator,  by  wlucli 
a  current  of  atmospheric  air  can  be  maintained  throii«:li  the  appa- 
ratus; ando^i 
Fio.  327,  bent  tube  filled 

with  fragment 
of  pumic 
stone,  soaked! 
oil  of  ^Htriol,fa 
drj'ing  the 
as  it  eo 
The  dcfticcatioi 
must  be  eon< 
tinned  aa  lonj 
as  tbe  tube 
ceases  to  1 
weight.  If  the 
desiccation 
cflected  in  thi 
water  oven,  tlie 


i^^qiiule  or  cruciWe  must  be  allowed   to  cool  under  a  sliade,  ov\ 
#  di^h  of  oil  of  vitriol^  and   Diust  be  kept  covered  whilst 
weighe<l,  in  order  to  prevent  the  absorption  of  moisture, 

(^02^    Dttermination    of    the    Mineral    Components, — If 
mineral  s^ub&tanees  be  present  iu  the  compound  under  e^aminatioi 
the  amount  of  these  must  be  ascertained  by  the  incineration  of  a 
weighed  quantity  of  the  materiah      This  operation,  simple   as 
may  a[j[>car,  is  one,  the  exact  pei*formauee  of  which   is  attend 
with  considerable  difficulty,  which  arises  from  the  partial  volatili: 
tion  of  the  alkaline  chlorides  at  a  red  heat,  aod  the  reduction 
the  Kulphatcs  to  the  form  of  sulphides.      The  incineration  shouldj 
therefore,  always  be  performed  at  a  low  temperature,  which  ni 
not  exceed  a  barely  visible  red,  but  must  be  prolonged  for  m 
bourn  if  the   mai*8  for  iiicineratiou  lie   consitlerable.      M.  Caill 
finds  it  advantageous  in  a  large  nuinljcr  of  cases,  previous  to  incine- 
ration^ to  treat   the  substance   with  ddutc  nitric   acid,   by  which 
means  almost  the  entire  saline  ingredients  may  be  extracted  in  the 
soluble  form ;  on  incinerating  the  itmululde  portion,  scarcely  anjifl 
thing  is  left  except  silica  and  a  small  f|uaiitity  of  peroxide  of  iron^^ 
The  quantity  of  saline  matters  thus  obtained  always  exceeds  that 
furnished    by   the   former   metliod;  since   in   the  digestion  wit 
nitric  ai.nd  the  loss  occasioned  by   reduction  of  the  sul})hate 
liine^  and  the  partial  expulsion  of  sulphur  from  the  sulphide 
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calcium  so  formed^  is  avoided ;  the  proportion  of  sulphuric  acid 
obtained  is  therefore  alwayB  higher  than  when  incineration  is 
employed. 

(903)  Since  the  four  elements^  carbon^  hydrogen,  oxygen,  and 
nitrogen,  constitute  the  bulk  of  most  organic  substances,  the 
operation  of  organic  analysis  resolves  itself  mainly  into  the  accu- 
rate quantitative  determination  of  these  elements.  We  are  indebted 
to  Gay  Lussac  and  Thenard  for  the  fundamental  principle  that 
regulates  our  operations  in  this  respect.  The  process  proposed  by 
them  has  subsequently  been  modified  and  improved  by  many 
chemists,  especially  by  Berzelius,  Prout,  and  Liebig,  and  it  was  by 
the  last  named  eminent  philosopher  that  the  method  now  in 
general  use  was  contrived. 

The  object  of  this  enquiry  being  to  determine  the  relative  pro- 
portion in  which  each  of  the  ultimate  elements  exists,  it  becomes 
necessary  to  the  success  of  any  analytical  process  that  these  ele- 
ments should  be  procured  either  separately  in  a  state  of  purity,  or 
in  the  form  of  definite  compounds  that  can  easily  be  collected;  and 
it  has  been  found  most  convenient,  by  supplying  the  substance  to  be 
analysed  with  a  sufficient  quantity  of  oxygen,  to  convert  the  carbon 
into  carbonic  acid,  which  may  be  absorbed  by  potash  and  weighed, 
and  the  hydrogen  into  water ;  the  water,  also,  by  passing  it  over 
a  substance  that  has  a  powerful  attraction  for  it,  such  as  chloride 
of  calcium  or  sulphuric  acid,  may  be  collected  and  weighed; 
whilst  the  nitrogen  is  collected  and  measured  in  the  form  of  gas, 
over  mercury. 

In  certain  cases  where  nitrogen  is  present,  the  substance  to  be 
analysed  may  be  mixed  with  hydrate  of  soda  or  of  potash,  and 
heated ;  all  the  nitrogen  is  thus  converted  into  ammonia,  in  which 
form,  like  carbonic  acid,  and  water,  it  admits  of  being  weighed. 
It  is  easy  to  find  by  calculation  the  weight  of  the  carbon,  the 
hydrogen,  and  the  nitrogen  respectively  contained  in  the  carbonic 
acid,  the  water,  and  the  ammonia  collected.  When  the  proportion  of 
saline  matter  has  been  determined  by  incineration  of  a  portion  of 
the  mass,  the  quantity  of  oxygen  which  the  substance  contains 
may  be  known  by  deducting  the  united  weight  of  the  carbon,  the 
hydrogen,  the  nitrogen,  and  the  salts  from  the  total  weight  of  the 
body  analysed ;  the  deficiency  (supposing  sulphur  and  phosphorus 
not  to  have  been  present)  is  reckoned  as  oxygen. 

Scrupulous  attention  to  the  purity  of  the  matter  submitted  to 
analysis  is  of  course  of  primary  importance,  a  very  slight  admix- 
ture with  other  compounds  being  sufficient  to  vitiate  the  conclusions 
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dedticiblc  from  the  experiments.  Having  hj  i^uitable  means 
tftined  the  purity  of  the  substance  for  analysis,  the  next  care  is  I 
ensure  its  complete  desieeation.  Solids  should  be  dried  in 
wat€r  oven  iu  the  manner  already  directed.  Volatile  liquids  thtT 
are  unebaaged  by  distillatioa  sboidd  be  allowed  to  stnud  for 
or  tlircc  days  upon  fragments  of  fuaed  chloride  of  calciuiu ; 
J  liquid  should  then  be  decanted  and  distilled  in  a  small  retort.  Id! 
Other  caseSj  as  in  the  examinntion  of  fata  or  fixed  oils,  it  may 
more  convenient  to  dry  the  material  iu  a  watch-^lass  placed  in  i 
ordinary  water. bath,  or  the  hot- water  oven  previously  desenli 
The  further  progress  of  the  analysis  will  vary  according  tg  tfa 
form  and  composition  of  the  substance  to  be  examined- 
We  shall  describe  the  methods  of  analysmg — 

I.  A  solid,  wliich  doe!*  not  contain  nitrogen, 
:2.  A  Hfjuid^  which  does  not  contain  nitrogen. 
3.  A  substance,  which  does  contain  nitrogen. 

I  ♦  Analyse  of  a  solid  not  mntahihg  nitrogen. 

(904)  The  eombostible  which  luiswers  best  in  these  exporimc 
is  charcoal ;   it  is  very   managefible,  but  the  dust  occasioned 
it  is  troublesome.      Spirits  of  wine  or  pyroxylic  spirit  are  clc 
but  their  expense  is  a  great  objection.      Dr.  Beale  and  Dr.  lie 
man  have   contrived  furnaces   in  which  gjus  is  made  use   of  as 
fuel,  but  the   apparatus  is  liable  to  get    out  of  order*      (QuarL 
Joum,  Vhmii,  iSV/r,,  i^^[\^  209.) 

The  best  form  of  furnace  to  be  used  with  charcoal  is  represent 
at  A,  fig.  328  r  it  is  made  of  stout  slieet-iron  bent  into  the   form 

Fio*  328. 


of  a  troughj  open  at  one  end  ;   the  plate  w  hieh  closes  the  other  end  i 
perforated  with  an  aperture  three-quarters  of  an  inch  in  diamet 
to  allow  the  passage  of  the  combustion  tube ;  the  funuicc  is  abot 
twenty  inches  long,  five  inches  wide  at  topj  two  inches  atul  three 
quarters  at  bottom,  and  three  inches  high.     Transverse  slits 
made  along  the  floor  at  intervals  of  two  inches  for  the  admissioi 
of  air,  and  between   each  of  these   slits  are  riveted  vertical   stil 
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pieces  of  sheet-iron^  one  inch  high,  terminating  in  a  concave  edge 
above,  for  the  support  of  the  combustion  tube.  During  the  opera- 
tion, the  apparatus  may  rest  on  bricks,  g,  g. 

The  tube  in  which  the  mixture  is  burned,  the  combustion  or 
retort  tube,  (a,  b,  c,)  should  be  of  difficultly  fusible  glass  free  from 
lead,  about  fifteen  inches  long  and  half  an  inch  in  diameter :  the 
hard  Bohemian  glass  answers  the  purpose  perfectly.  The  tube 
may  on  certain  occasions  be  drawn  out  into  a  fine  but  strong  tail 
bent  upwards  at  an  obtuse  angle,  and  the  mouth  should  be 
smoothed  by  making  it  red  hot  in  the  flame  of  the  blowpipe,  so 
that  a  cork  need  not  be  torn  in  adjusting  it. 

The  water  is  collected  in  a  bent  tube,  e,  filled  with  chloride  of 
calcium.  At  ^  is  a  small  bulb,  in  which  the  greater  part  of  the  water 
is  condensed ;  it  may  be  emptied  from  time  to  time.  The  chloride 
of  calcium  with  which  the  bent  portion  is  filled  must  not  be  fused, 
but  should  be  prepared  merely  by  evaporating  the  solution  of  the 
chloride  to  dryness  by  a  strong  sand  heat.  A  porous  mass  is  thus 
obtained,  which  does  not  crystallize  by  absprbing  moisture,  as  the 
fused  variety  does,  to  the  destruction  of  the  tube  that  contains  it. 
The  cork  through  which  passes  the  bent  tube  by  which  it  is  con- 
nected with  the  potash  bulbs,  /,  should  be  trimmed  close  to  the  large 
tube  and  covered  neatly  with  melted  sealing-wax ;  and,  lastly,  air 
should  be  drawn  through  the  apparatus  by  the  mouth  to  ascertain 
that  no  obstruction  exists.  Pumice-stone  moistened  with  concen- 
trated sulphuric  acid  may  be  advantageously  substituted  for  chlo- 
ride of  calcium  in  the  drying  tube. 

The  connexion  between  this  tube  and  the  retort,  o.  A,  c,  is 
effected  by  means  of  a  sound  elastic  cork,  which  is  made  to  close 
the  mouth  of  the  tube  accurately ;  it  is  pierced  with  a  round  file, 
and  fitted  firmly  upon  the  fine  tube  proceeding  from  the  bulb  d  of 
the  drying  tube ;  the  cork  is  dried  on  the  sand-bath  immediately 
before  the  apparatus  is  mounted. 

The  solution  of  potash  employed  in  the  bulb  tube  f,  should 
have  a  sp.'gr.  of  from  1*25  to  1*27,  and  must  be  renewed  for 
every  experiment ;  the  portions  that  have  been  used  may  be  put 
aside,  and  afterwards,  when  sufficient  has  been  collected,  may 
again  be  rendered  caustic  in  the  usual  way  by  means  of  quicklime. 
To  the  free  end  of  the  potash  bulbs  a  tube  A,  filled  with  frag- 
ments of  hydrate  of  potash,  is  adjusted  by  means  of  a  cork ;  this 
is  weighed  with  the  bulbs,  and  is  employed  to  dry  the  nitrogen 
and  other  gases  which  escape  during  the  course  of  the  analysis. 

The  compound  commonly  used  for  supplying  oxygen  to  the  sub- 
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Stance  bumed  is  oxide  of  copper ;  this  oiide  readflj  impurts  oiyga 
tu  (Xjuibustible  matter  in  contact  with  it,biit  when  heated  alone^k 
brars  a  ver\-  liigh  temperature  without  being  deoompoaed.  It  is  bat 
prcK-un^l  by  dissolving  copper  in  pure  nitric  acid,  evaporating  to 
dryness  and  decomposing  the  nitrate  by  heating  it  strongly  inn 
eai'tlicn  crucible.  Ignition  is  to  he  kept  up  till  red  fumes  oeae 
to  api>ear ;  if  the  boat  Ix?  too  great  the  oxide  beoomea  ag^oi 
nati'd,  and  requires  >tn>n;r  iwuiuling  in  an  iron  mortar  to  ptdToia 
it.  Tbc  iM)wdcreil  o\idc  is  afterwanls  sifted  through  a  fine  oopjxr 
sicvis  and  sccurwl  in  stopjit^reil  glass  iMttlcs. 

Inimcdiatoly  Ix'forc  each  analytical  operation^  a  snfBcieBt 
quantity  of  this  oxide  is  to  be  ignited  in  a  crucible^  and  while  stiD 
hot,  transferred  to  a  dry  tube,  by  plunging  the  mouth  of  tk 
tulK'  into  the  oxide  in  the  crucible,  and  then  shaking  it  in  pieoe- 
mcal.  The  tuljc  is  then  to  \ye  immediately  closed  with  a  dir 
cork,  and  allowed  to  cool.  Meantime  the  interior  of  the  retort  is 
to  1m^  completely  dried  by  heating  each  portion  of  it  in  sucoessian  in 
the  ilanie  of  a  gas  or  spirit-lamp,  beginning  at  the  doaed  end,  and 
drawing  air  through  the  heated  tul)e  by  means  of  a  narrower  tube 
])asscHl  down  just  l)eyond  the  heated  part^  and  exhausting  by  the 
mouth.  When  every  part  has  thus  been  dried^  the  retort  ii 
to  be  corked  and  allowed  to  cool. 

Five  or  six  grains  of  the  substance  to  be  analysed^  powdend 
and  dried,  arc  to  be  put  into  a  perfectly  dry  test  tube,  and  thii 
tube  with  its  contents  very  accurately  weighed ;  its  oontenta  are 
then  to  be  mixed  with  oxide  of  copper  in  a  mortar,  and  the 
empty  tube  again  weighed;  the  diflerence  gives  the  weight  of 
the  substance  employed.  Much  caution  is  requisite  in  chargiDg 
the  retort.  The  mortar  having  been  first  made  dry  and  warm,  is 
to  be  placed  on  a  sheet  of  glazed  paper,  and  first  cleared  out  with  a 
little  of  the  dried  oxide  of  copper,  which  is  thrown  aside.  Oxide 
of  copiHjr  to  the  depth  of  an  inch  is  to  be  poured  into  the  combustion 
tube ;  after  which  a  small  quantity  of  the  oxide  is  to  be  put  into  the 
mortar,  then  the  substance  to  be  analysed,  then  more  oxide  :  the 
mixture  must  l>e  made  quickly  and  carefully,  adding  so  much  oxide 
as  shall  be  sufficient  to  fill  a  little  more  than  half  the  retort  tube; 
the  mortar  is  then  to  be  taken  in  the  palm  of  the  left  hand,  and  the 
mixture  introduced,  carefully  picking  it  up  piecemeal  by  the  retort 
tube  itself;  fresh  portions  of  oxide  are  to  be  rubbed  in  the  mortar  to 
clear  out  the  last  traces  of  the  mixture,  and  the  retort  is  then  to 
be  filled  up  with  pure  oxide  of  copper  to  within  two  inches  of  the 
extremity. 
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The  proportions  of  the  mixture  are  represented  in  fig.  328  : 
the  portion  from  the  tail  of  tlie  tube  to  the  letter  a  consists  of 
pure  oxide  of  copper,  from  a  to  6  of  the  mixture,  from  6  to  c  of 
the  rinsings  of  the  mortar,  and  from  c  to  within  an  incli  of  the 
cork  is  also  pure  oxide.  The  tube  having  been  closed  by  a  cork 
is  to  be  struck  smartly  in  a  horizontal  position  on  the  table,  to 
clear  the  tail-like  prolongation,  and  to  make  an  air-way  above  the 
oxide  from  end  to  end. 

The  drying  tube  e  having  been  accurately  weighed,  is  next  to  be 
fitted  to  the  dried  perforated  cork,  and  connected  by  it  air-tight 
to  the  retort  tube,  a,  b,  c ;  this  is  now  to  be  placed  in  the  furnace ; 
the  potash  apparatus,  /,  also  previously  weighed,  is  attached  to  the 
drying  tube  by  means  of  a  connecting  piece  of  caoutchouc,  taking 
care  that  the  largest  bulb  is  on  the  arm  connected  with  the  drying 
tube ;  the  potash  apparatus  should  be  slightly  inclined  by  placing 
a  cork  under  the  end  of  the  horizontal  portion  nearest  the  open 
extremity.  Matters  being  thus  arranged,  the  next  process  is  to 
ascertain  if  the  whole  be  tight,  and  for  this  purpose  the  air  in  the 
large  bulb  is  to  be  gently  heated  so  as  to  expel  a  few  bubbles  ;  if,  on 
cooling,  the  liquid  rise  in  the  limb  and  maintain  its  elevation 
steadily  for  a  few  minutes,  the  combustion  may  safely  be  begun. 
Charcoal  broken  into  pieces  about  the  size  of  a  walnut  is  to  be 
ignited,  and  applied  to  the  portion  of  the  tube  nearest  the  cork, 
where  the  pure  oxide  of  copper  lies :  the  action  of  the  heat  is 
limited  by  a  double  sheet- iron  screen  which  fits  into  the  furnace, 
and  has  a  central  slit  which  allows  it  to  bestride  the  tube ;  this 
screen  can  by  degrees  be  moved  furthier  and  further  down  the 
furnace  until  the  whole  tube  is  heated.  An  additional  screen  of 
single  iron  plate  is  hung  over  the  closed  end  of  the  furnace  to  protect 
the  cork,  care  being  taken  that  the  heat  never  rises  so  high  as  to 
scorch  it,  or  falls  so  low  as  to  allow  of  the  condensation  of  mois- 
ture in  the  portion  of  the  retort  which  projects  from  the  furnace. 

When  the  fore  part  of  the  retort  is  red-hot  and  the  escape  of 
air  due  to  expansion  has  ceased,  about  an  inch  more  of  it  may  be 
heated;  and  in  this  way  the  fire  is  gradually  carried  down.  At  first 
but  a  small  portion  of  the  gas  is  absorbed,  but  when  the  substance 
is  fairly  undergoing  decomposition,  and  the  atmospheric  air  in  the 
apparatus  has  been  expelled,  the  gas  is  almost  entirely  taken  up  by 
the  potash-ley.  When  the  whole  tube  is  ignited,  the  heat  must  be 
continued  till  bubbles  are  no  longer  disengaged ;  the  potash-ley 
will  now  gradually  recede  into  the  large  bulb ;  when  this  is 
observed  to  commence^  the  charcoal  must  be  removed  from  the 
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tail  of  the  tul)c ;  and  as  soon  as  the  solution  of  potash  has  riia 
suiricicutiy  to  till  half  the  large  bulb,  the  tip  of  the  tail  must  be 
nipped  off ;  gentle  suction  is  then  to  be  effected  by  means  of  a  tube  of 
vulcanize<l  caoutchouc,  which  is  to  be  fitted  to  the  firee  extremitf  of 
the  potash  apparatus,  and  air  drawn  through  the  combustion  tabe 
1)y  the  moutli,  in  order  to  displace  the  carbonic  acid  and  aqueou 
vapour  which  the  apparatus  contains.  Dumas  prefers  to  oonneci 
the  extremity  of  the  retort  with  a  drying  tube,  and  this  again  witlii 
reeeiver  containing  oxygen,  which  gas  is  carefully  driven  over  the 
contents  of  the  tube  in  the  manner  shown  in  fig.  244^  part  ii.  TUi 
renders  the  oi)cration  somewhat  more  complicated,  but  it  is  unqno* 
tionably  more  exact,  especially  for  compounds  where  the  proportion 
of  carbon  is  great.  The  tube  for  supplying  oxygen  is  easily  adjusted 
to  the  retort  by  drawhig  out  the  tail  horizontally  instead  of 
obliquely,  and  fitting  it  on  by  a  caoutchouc  connector,  care  being 
taken  to  screen  the  junction  from  the  influence  of  heat. 

The  apparatus  is  now  to  be  dismounted,  and  allowed  to  cool :  in 
about  an  hour  the  drying  tube  e  may  be  weighed ;  one-ninth  of 
the  gain  which  it  has  cxi>erienced  indicates  the  quantity  of  hydro- 
gen contained  in  the  compound  analysed;  the  potash  apparatus,/,  is 
also  to  be  weighed,  and  three-elevenths  of  what  it  has  gained  shows 
the  quantity  of  carbon.     The  deficiency  is  reckoned  as  oxygen. 

The  o-tidc  of  copier  used  in  these  experiments  may  again  be 
rendered  serviceable  by  moistening  it  with  nitric  acid,  and  igniting 
it  as  before. 

2.  Analysis  of  a  liquid  not  containing  nitrogen, 

(905)  If  the  liquid  be  volatile,  a  piece  of  tube  rather  less  than  a 
quarter  of  an  inch  in  diameter  is  to  be  heated  in  the  blowpipe  flame, 
and  drawn  out  into  a  capillary  i)ortion, «,  (fig.  329,)  about  four  inches 
long :  about  a  quarter  of  an  inch  below  this  the  tube  is  to  be  sealed, 

Fig.  329. 

^_      ■■  -ifiir,  r 


and  the  little  piece  of  tube,  b,  thus  left  connected  with  the  capillary 
l)art,  heated  and  blown  into  a  small  bulb  about  as  big  as  a  good- 
sized  i)ea  ;  this  is  to  be  cut  olT,  leaving  a  capillary  neck  of  about  two 
inches  long.  Having  made  a  sufiicient  number  of  these  small 
biill)s,  two  of  them,  which  it  has  been  ascertained  will  freely  enter 
the  combustion-tube,  are  to  be  accurately  weighed ;  a  little  of  the 
liquid  to  be  analysed  is  to  be  put  into  a  small  tube,  and  the  capillary 
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neck  of  the  bulbs  inverted  into  the  liquid  ;  the  bulbs  are  then  to  be 
warmed  by  the  flame  of  a  spirit-lamp,  so  that  on  cooling  they 
shall  be  about  three-fourths  fiUed  with  the  liquid.  The  necks  are 
now  to  be  sealed  by  the  blowpipe-flame,  and  the  bulbs  again  weighed ; 
the  increase  of  weight  gives  the  quantity  of  the  liquid  which  has 
entered,  and  which  is  to  be  analysed.  The  oxide  of  copper  having 
been  heated,  and  allowed  to  cool  with  the  usual  precautions,  about 
an  inch  and  a  half  of  the  retort  is  to  be  filled  with  pure  oxide ;  next 
a  file  is  to  be  drawn  across  the  capillary  neck  of  one  of  the  bulbs, 
and  the  bulb  having  been  placed  in  the  retort,  the  neck  is  to  l>e 
broken  by  pressure  against  the  glass,  and  the  broken  portion  of  the 
neck  to  be  dropped  in  with  the  bulb ;  dried  oxide  of  copper  is  then 
to  be  poured  in  to  the  depth  of  two  inches  more ;  the  second  bulb 
is  to  be  introduced  in  the  same  manner  as  the  first,  and  the  tube 
is  to  be  filled  up  with  oxide;  after  which  it  is  to  be  corked  and 
struck  smartly  on  the  table  as  before,  to  secure  free  air-way.  The 
oombustion-tube  is  now  to  be  adjusted  in  the  furnace  as  before, 
and  the  first  half  of  the  tube  is  to  be  gradually  heated  ;  when  this 
is  red-hot,  the  liquid  must  be  volatilized  by  cautiously  approxi- 
mating a  piece  of  ignited  charcoal  to  the  part  of  the  tube  where  the 
first  bulb  lies,  taking  especial  care  not  to  heat  the  tube  too  much ; 
when  by  degrees  all  the  liquid  in  the  first  bulb  has  been  expelled, 
the  other  is  to  be  proceeded  with  in  like  manner ;  the  whole  tube 
is  finally  to  be  heated  carefully,  and  the  gases  are  to  be  swept  out 
of  the  apparatus  in  the  manner  already  described. 

Substances  which  contain  a  great  excess  of  carbon  sometimes 
escape  complete  combustion  by  the  above  process ;  when  this  is 
feared,  the  plan  of  Dumas,  already  mentioned,  may  be  adopted ; 
or  some  finely  pulverized,  carefully  dried  chlorate  of  potash,  may 
be  mixed  with  about  four  times  its  weight  of  oxide  of  copper,  and 
the  portion  of  the  retort  near  a  may  be  filled  with  it  for  about  an 
inch ;  the  tail-like  prolongation  may  in  this  case  be  dispensed  with  : 
at  the  close  of  the  operation,  instead  of  sucking  air  through  the 
apparatus,  heat  is  to  be  very  cautiously  applied  to  the  chlorate ;  by 
this  means  oxygen  is  evolved ;  this  bums  the  last  traces  of  carbon 
and  displaces  the  gas  and  aqueous  vapour  contained  in  the  tubes. 
The  heat  must  not  be  too  suddenly  applied,  or  a  portion  of  the 
chlorate  is  apt  to  be  carried  forward  mechanically,  a  circum- 
stance which  constitutes  the  chief  objection  to  its  use. 

In  some  cases  chromate  of  lead  may  be  advantageously  substi- 
tuted for  oxide  of  copper  with  substances  difficult  of  combustion, 
since  by  a  bright  red  heat  alone  it  gives  off  a  portion  of  its  oxygen* 

PABT  III.  c 
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It  is  easily  prepared  by  precipitating  the  chromate  orbicliroinateof 
potash  with  a  sohition  of  acetate  of  lead.  It  should  be  weU  washed 
and  heated  to  incipient  fusion  before  it  is  used  for  analysis.  It 
has  the  advantage  of  being  much  less  hygroscopic  than  the  oiide 
of  copper.  In  some  cases  it  may  be  mixed  with  bichromate  of 
potash,  which  parts  with  oxygen  by  heat  more  freely  than  the  hi 
salt. 

3.  Analysis  of  a  body  containing  nitrogen.  i 

(906)  The  presence  of  nitrogen  in  an  organic  compound  is  aicer-  I 
tained  by  mixing  a  small  quantity  of  it  with  a  portion  of  hydrate  of  I 
jKitash,  and  heating  it  in  a  small  test  tube :  vapours  of  ammonii  I 
will  be  evolved  if  nitrogen  be  present.    Two  separate  analyses  are  lA 
this  case  required ;  the  first,  to  discover  the  proportion  of  carbm 
and  hydrogen ;  and  the  second  expressly  for  the  nitrogen.     When 
bodies  containing  nitrogen   are  burned  with  oxide   of  copper,  a 
variable  proi)ortion  of  the  lower  oxides  of  nitrogen  is  formed,  whidi 
being  retained  by  the  chloride  of  calcium,  or  by  the  potash,  would 
render  the  analysis  incorrect.    A  precaution  is  therefore  employed 
which  renders  it  necessary  to  make  use  of  a  retort-tube  somewhat 
longer  than   common;  this  tube  is  to   be  charged  as    usual  to 
within  4  inches  of  the  opening,  and  then  filled  up  with  dean 
copper    turnings;    the  apparatus  is  to    be    arranged    as    before 
directed,  the  copper  turnings  brought  to  full    redness^    and  the 
analysis  is  to  be  cautiously  conducted  in  the  ordinary  manner.    As 
the  oxides  of  nitrogen  pass  slowly  over  the  ignited  copper  they 
arc    decomposed,  the  oxygen  combinhig  with  the  copper,  while 
pure  nitrogen  escapes:  the  quantity  of  carbon  and  hydn^^en  is 
determined  exactly  in  the  manner  previously  described. 

(907)  Method  of  Varrentrapp  and  Will — The  most  accurate 
method  for  ascertaniing  the  proportion  of  nitrogen  is  that  devised 
by  Varrentrapp  and  Will ;  the  fundamental  fact  upon  which  this 
nuithod  is  based,  consists  in  the  obsen^ation  of  Gay  Lussac,  that 
when  azotised  matters  are  heated  with  a  large  excess  of  hydrate 
of  potash  or  of  soda,  the  whole  of  the  nitrogen  is  expelled  in  the 
form  of  ammonia.  In  order  to  render  it  available  for  the  pur- 
poses of  analysis,  the  subjoined  precautions  are  requisite. 

A  mixture  of  two  parts  of  quicklime  and  one  of  hydrate  of 
soda  is  prepared  by  slaking  some  well-burned  lime  with  the  neces- 
sary quantity  of  a  solution  of  soda ;  the  whole  is  evaporated  to 
dryness  and  ignited ;  the  dry  mass  is  pulverized  as  quickly  as  possible 
and  then  transferred  to  well-closed  bottles,  in  order  to  exclude 
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carbonic  acid  and  moisture.  The  substance  is  then  mixed  in  a 
warm  mortar,  with  alkalized  lime  instead  of  with  oxide  of  copper : 
the  accidental  presence  of  a  little  moisture,  after  the  weight  of  the 
material  for  analysis  has  been  accurately  determined,  is  of  no 
consequence  in  this  case. 

Having  introduced  the  mixture  into  the  retort  tube,  it  is 
better  to  plug  the  aperture  loosely  with  a  few  fibres  of  asbestus 
(which  has  been  ignited  just  before)  to  prevent  any  mechanical 
transport  of  the  mixture  into  the  apparatus  through  which  the 
gases  are  passed ;  on  applying  heat  to  the  combustion-tube  in  the 
ordinary  way,  and  with  the  usual  precautions,  the  substance  is 
decomposed,  and  the  whole  of  the  nitrogen  escapes  as  ammonia. 
The  drying  tube  and  potash  apparatus  are  dispensed  with,  and  the 
ammonia  is  collected  by  attaching  a  bulb-tube  of  the  form  repre- 
sented at  /,  fig.  330,  air  tight,  with  a  good  cork  to  the  retort-tube,  a ; 
the  bulbs  /  having  been  previ- 
ously charged  with  hydrochloric  Fio.  330. 
acid,  (sp.  gr.  i-i.)  Pure  hydro- 
chloric acid  is  easily  procured 
for  this  purpose  by  diluting  the 
ordinary  acid  of  the  shops  till  it 
has  a  sp.  gr.  of  i*i,  and  distilling 
it  in  glass  vessels ;  the  first  eighth 
may  be  rejected,  and  the  dis- 
tillation proceeded  with  until 
three-quarters  of  the  acid  em- 
ployed have  passed  over.  It  is 
better  for  the  operator  always  to 
rectify  his  own  acid,  in  order  to 
be  quite  sure  of  the  absence  of 
any  trace  of  ammonia.  The 
tube  connecting  the  bulbs  should 
be  somewhat  larger  in  diameter 
than  that  of  the  ordinary  potash 
apparatus,  in  order  to  allow  the  liquid  to  be  poured  out  readily. 
When  the  operation  is  complete,  absorption  will  take  place, 
and  the  liquid  will  rise  in  the  bulb  nearest  the  fire;  at  this 
moment  the  tail  of  the  combustion-tube  should  be  nipped  ofl*,  and 
air  carefully  drawn  through  the  apparatus  in  the  usual  way: 
When  the  combustion  has  terminated,  the  contents  of  the  bulb-tube 
are  to  be  emptied  into  a  small  evaporating  dish,  and  the  bulbs 
washed  out  first  with  a  mixture  of  alcohol  and  ether^  and  afterwards 

c2 


20  AX^TSZS    or  A  COXTOrVD  C03ITAniS«   VITBOGiaf. 

«« -.-.r.il  rirries  vith  va:er ;  some  lolatkm  of  bicUoride  of 
i>  :•>  ^ye  add-.-d.  and  the  whole  ermponted  to  dirnesB  in  a water-bttk 
or  a  oLI'^riie  of  caloiuai  bath  ;  when  drr,  itis  to  be  digertcd  wikki 
nuxtur^^  of  two  {art^  of  alcohol,  sp.  gr.  0*833,  ^'^  ^''^  ^  ^^* 
uLii-'h  iii«.*^jlvi:»  the  cxc»9  of  bichloride  of  plndnmn^  and  leim  Ae 
double  chloride  of  {'lariaum  and  ammooinm  in  a  cryvtaUme  fin. 
This  nju>t  now  he  broii^ht  npon  a  veigbed  filter,  and  ^nid 
ni^atcdly  \ii:h  the  niiiture  of  two  parts  of  alobhol  and  onerf 
(tiicr  iiutil  uothiiiz  further  is  taken  up;  the  pwttipitate  andfiki 
lnu^t  Ije  dhtd  by  a  water  heat.,  and  the  wei^t  aocuratelj  olnaiii: 
zzCjZ  ^rrs.  of  the  ammor.ia-chl'./ride  of  platinmn  are  equiTakuktOH 
<;rs.  uf  nitR^iren.  Instead  of  collecting  the  ammonia  in  hydnxUik 
acid,  it  may  )x^  condensed  in  a  certain  Tolimie  of  dilute  snlphnrieail 
of  known  strength  >bout  15c  grains  of  an  acidrfwbidi  loognia 
will  neutralize  z'j  graiu:^  of  ammonia,  will  answer  tbe  pupoii 
The  acid  liquor  is  then  to  bo  washed  out  of  the  bulby^  diluted, «! 
carefully  neutralizi-d  by  a  solution  of  caustic  loda^  tbe  strengikflf 
whirh  has  been  accurately  graduated. 

(vcS)  Method  of  Dinnai, — The  foregoing  metbod  of  dctff> 
milling  nitrogen  answers  for  all  cases  excepting  those  in  wbidit 
occurs  in  the  fonn  of  nitric  acid,  when  it  must  be  determined  bf 
voliinie,  and  its  weight  thence  deduced.  For  this  porpose  tk 
process  of  Pumas  is  the  most  trustworthy: — ^A  retort  tube  rf 
about  twenty  inches  long  is  eraiiloyed,  not  drawn  out  into  st4 
but  sealed  witli  a  rounded  extremity ;  about  two  inches  of  tk 
tube  are  tilleil  with  bicarbonate  of  soda,  and  then  tbe  mixtot 
vith  oxulo  of  copiK'r  is  added  and  covered  as  usual  with  a  layer  rf 
\)\\vv.  oxide;  beyond  this  the  last  two  or  three  inehesof  the  tnbean 
(illed  with  clean  cop[)er  turnings^  as  already  directed,  with  a  view  d 
(lecontposing  any  of  the  oxides  of  nitrogen  which  may  be  fimnei 
'Y\\v.  retort  tube  is  then  connected  with  a  three-legged  appsrttsi 
of  brass  or  eopjKT  (Fig.  330,  b),  one  limb  of  which  is  lumiabed 
with  a  stop-cock,  c.  The  connexion  with  the  retort  tube  a  is  bdl 
made  by  passing  a  piece  of  glass  tubing  through  a  cork  fittmg 
nceurutely  into  the  n)outh  of  the  tul)c  a,  and  connecting  tbe 
apiKiratuH  to  this  small  glass  tube  by  a  caoutchouc  connector,  d; 
the  third  limb  is  fastened  by  a  similar  joint  to  a  glass  tube  ^  boil 
at  ripjlit  angles  near  one  end,  with  a  straight  portion  upwards  of 
tliiily  inelurs  long,  the  other  extremity  of  which  is  turned  up  si 
an  jMiite  angle  for  the  convenience  of  safely  delivering  the  gns:  tUi 
tiilx;   in  placed   in  a  vertical   direction  yi'\XX\  iu  lower  uptumsi 
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tremity  dipping  into  a  small  itierciiriul  troii|^li  j  the  stop-cock 
tube,  c,  is  connected  with  an  exhausting  syringe^  by  which  a  vacuum 
is  produced ;  the  appai-atus  is  left  for  half  au  hour  to  ascertain  that 
all  the  joints  are  tight:  if  the  mercury  after  this  lapse  of  time  still 
stands  at  the  same  level,  tlie  experiment  may  he  proceeded  with,  and 
a  moderate  heat  is  applied  by  a  spirit  lamp  at  the  end  of  the  retort 
containing  the  bicafbouate;  by  this  means  carbonic  acid  is  set  free 
and  displaces  the  last  portions  of  air ;  the  exhaustion  and  the  dis- 
engagement of  gas  are  repeated  alternately  three  or  four  times,  care 
being  taken  to  leave  sufficient  bicarbonate  undccomposcd  to  renew 
this  expulsive  process  at  the  termination  of  the  experiment.  The 
stop-cock,  c,  is  now  dosed,  the  air-pump  is  reraovcd,  and  a  gradu- 
ated jar  containing  some  solution  of  potash  is  inverted  in  the 
mercury  over  the  recurved  extremity  of  the  long  glass  tube.  The 
copper  turnings  are  tlien  brought  to  redness  in  the  usual  way  by 
means  of  a  charcoal  fire,  the  decomposition  being  caused  to  take 
place  less  rapidly  than  usual,  \\lien  the  part  of  the  retort  contain- 
ing the  matter  for  analysis  is  red-hot  through  its  entire  extent,  heat 
is  gradually  applied  to  the  carbonate  at  the  end,  and  the  last  por- 
tions of  gas  ftirnishcd  by  the  combu&tiori  are  driven  into  the  re- 
ceiver by  the  carbonic  acid  disengaged  from  the  bicarbonate  of  soda. 

Since  the  products  of  the  combustion  are  only  water,  carbonic 
acid,  and  nitrogen,  the  two  former  arc  retained  by  the  solution  of 
potash,  whilst  the  latter  alone  presents  itself  tor  measurement. 
When  the  apparatus  by  standing  for  an  hour  or  two  has  reached 
the  temperature  of  the  atmosphere,  the  height  of  the  barometer 
and  Uiermometer  must  be  carefully  noticed  ;  and  since  the  gas  will 
be  saturated  with  moisture,  its  volume  must  be  corrected  by  the 
known  methods  for  the  three  points  of  temperature,  pressm*e,  and 
moisture :  then,  since  loo  cubic  inches  of  nitrogen  at  60°  F.  and 
under  a  pressure  of  thirty  inches  of  mercury  weigh  30*15  grains, 
the  weight  of  the  nitrogen  that  a  given  quantity  of  the  matter 
analysed  contains  is  easily  determined.  In  this  process,  as  in 
every  case  where  the  proportion  of  nitrogen  alone  forms  the  object 
of  the  experiment,  after  the  weight  of  the  material  for  analysis  has 
been  once  accurately  determined,  it  is  evident  that  there  is  uotliing 
to  fear  from  a  slight  absorption  of  moisture. 

(909)  Occasionally  the  quantity  of  nitrogen,  where  large,  is 
advantageously  determined  by  making  the  combustion  just  as 
though  we  were  going  to  ascertain  the  proportion  of  carbon  and 
hydrogen ;    bat,    instead    of  condensing    the   carbonic  acid   and 
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■r  .  .  ^  .-..  :^  tiiui  :c  ^ae  £ik»  pcijiLiml  are  eoDccted  ow 
:L.T:..rr.  A  :.=-:  ri^-itii^-rjii  »^  5.-  Hp-  Jjo,  is  snhrthnttj 
:'.:  iL-e  :::«;^  iccanr-^.  j:r  ^iie  xdAcvpckn  of  water  mm!  cnbook 
i..:.  L:  il-j  jn.^  :-  i*  les:  :.:  berii  is  ihe  doacd  txtteaat^d 
i:.'  :i':e.  i^i  Li"z^  fi^trLJtii  ^iii*  nsbsip&eric  air  by  a  pamaad 
!"-•  re::eri:i:ti  fr:c.  zir:  ^r:.\scxzix.  zo  ecikct  ck  tett  oftfaegMCOH 
I  r  >: iv:^*  in  i  zzruizxit^i  ;ar .  hj  agrasHg  the  ^aa  with  a  aofaitn 
I.:  liiti**-  :le  pr::i:-r:;:^  ::  ^Tri-rfc  lo  iBecarfaoii  is  at  onee  dcttr- 
il:.:.A.  iiz:^  x^:-i^  -^ .'.  .-r^  :t  car^z-tic  acid  and  nitragai  pn 
rvrrt>e-:  ^.iijlr  eii—'ili :.-..*  :z  .x-":oc  &=jiciaoeen.  It  is  not  nceo- 
s^iry  ::i  iLia  c-j-ac  :.j  nzcZ'^.'r  ikicsnrcij  the  qnantitT  of  mateni 

t\i<r:e:ice  Ls.^  sli^n:  zzjl'  :-  ie  preceding  proeeasfivorpn 
a:;:i!yjis.  the  cua:-rl:v  of  hyirxje::  deicced  from  it  is  alwm 
>Ii^'!.ily  in  exct^,  us-jaUt  ab.i:  zz  par:*  in  icc,  vhilst^  nnln 
ihromate  ot  leatl  or  cLl:n:e  o:  icCAjii  br  etcploTedy  the  carbcn  ii 
yiuiiictimcs  denciiut  :o  the  «Ln:e  ei-cL.:.  A  defiriener  of  caibn 
also  occurs  ii  the  a^h  ccutaii:  alk^iline  or  earthr  carfaooates. 

^910    DttermiaatioH  0/  Sn^phar  aM'J  c/  PkatpJkoFMM. — One  of 

the  mcthocls  employed  tor  asoenaiciai  the  amoont   of  onaudiied 

sulphur  ill  an  orjauic  compound.  cc»u>U:*  in  inixiix^  the  sabatance 

for  analysis  with  ic  parts  of  nirn?,  2  of  dried  carbonate  of  soda, 

and  io  oV  pure  chloride  of  soiiium.  and  hearing  the  mass  to  rednesi 

in  a  Uibe  of  hard  glass.     The  sulj^hur  is  ihus  converted  into  ml- 

pluiric  acid,  which  enters  into  combination  with  a  pcHtion  of  the 

alkali.      The  olycct  of  adding  the  chloride  of  sodium  ia  sunply  to 

moilcrate  the  riolence  of  the  deriagration.     The  residue  is  to  be  dis- 

solved  in  water,  rendered  sli-htly  acid  with  hydrochloric  acid,  and 

the  sulphuric  acid  precipitatetl  by  the  addition  of  chloride  of  barium. 

If  phosphorus  be  present,  it  will  rt^maiu  in  the  acid  liquor  in  the 

form    of  phosphoric   acid.      Its    amount  may  be  determined  b^ 

adding  sulphuric  acid  to  throw  down  the  excess  ot  bairta,  filtering. 

supersaturating  with  ammonia,  and  adding  an   ammoniacal  aoiu. 

tion  of  sulphate  of  magnesia ;  the  phosphoric  acid  is  precipitated  a. 

the  douWc  phosphate  of  magnesia  and  ammonia,  and  is  to  be  col. 

lected  and  ignited  in  the  usual  manner,  ^^hen  a  large  quantity  of 

sulphur  is  present,  part  of  it  becomes  converted  during  the  prooc- 

ofeombustion   witli  oxide  of  copi)er  into   sulphurous  acid,  which 

Mould  be  condensed  with  the  carbonic  acid,  and  would  thus  occs. 

sion  an  error  in  the  determination  of  the  carbon      This  source  of 

error  may  be  avoided  by  intern-  '    ^    '  ^   i^;?!        iT 

oxide  of  kad  between  Ihe  ^  "^^^  "^  '^ 
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potash  bulbs ;  the  Bulpliurous  acid  is  then  arrested  and  converted 
into  sulphuric  acid^  and  is  retained  as  sulphate  of  lead;  Pb02  + 
SOa  becoming  PbO,  SO3. 

(911)  Determination  of  Chlorine,  Bromine,  and  Iodine. — ^When 
the  quantity  of  chlorine^  or  of  any  other  halogen  is  to  be  estimated, 
the  substance  for  analysis  is  to  be  mingled  with  about  10  times  its 
weight  of  limc^  and  is  introduced  into  a  tube  of  Bohemian  glass  10 
or  12  inches  long,  and  sealed  at  one  end.  The  tube  is  to  be  filled 
up  with  fragments  of  pure  lime,  which  is  gradually  brought  to  a  red 
heat,  commencing  at  the  open  extremity.  When  the  combus- 
tion is  complete  the  tube  is  corked,  its  outer  surface  cleared 
from  ashes,  and  whilst  still  hot  it  is  plunged  into  a  beaker  of  cold 
water.  It  is  thus  cracked,  and  its  contents  are  then  treated  with 
nitric  acid,  and  the  chlorine,  iodine,  or  bromine  is  precipitated  from 
the  filtered  liquid  by  means  of  nitrate  of  silver. 

(912)  Calculation    of  tJie  equivalent  of  an  organic    body. — 
We  will  suppose  the  labour  of  analysis  thus  brought  to  a  suc- 
cessful issue.      It  is  evident   that   the  information,  derived  from 
this  source  alone  is  but  scanty,  for  it  furnishes  no  idea  either  of 
the  number  of  equivalents  of  each  element  entering  into  the  com- 
position of  an  organic  body,  or  of  its  relations  to  the  substances 
concerned  in  its  production  or  obtainable  from  it  by  its  decompo- 
sition.    Whenever  it  is  possible,  the  equivalent  or  combining  pro- 
portion of  the  compound  must  be  determined.     This  is  effected  by 
preparing  a  compound  of  the  body  with  some  substance  the  equi- 
valent of  which  is  well  known,  and  proceeding  to  analyse  the  new 
product.     If  the  organic  substance  be  soluble  in  water,  and  capable 
of  entering  into  combination  with  oxide  of  silver,  this  oxide  is  for 
many  reasons  to  be  preferred.     Oxide  of  silver  combines  with  many 
organic    bodies,    and   forms    with  them    compounds  insoluble  or 
but  sparingly  soluble  in  water ;  and  they  may  generally  be  formed  by 
double  decomposition,  and  washed  from  all  adhering  impurities. 
Supposing  a  silver  compound  to  have  been  prepared  in  a  state  of 
purity,  15  or  20  grains  of  it  are  to  be  accurately  weighed  in  a  counter- 
poised porcelain  crucible.   It  is  then  to  be  carefully  incinerated  till 
pure  silver  alone  remains.     On  again  weighing,  the  loss  will  give 
that  of  the  body  combined  with  the  silver^  and  in  addition  that  of 
one  equivalent  of  oxygen  expelled  from  the  oxide  of  that  metal  at 
a   red    heat.      The  residual    silver    should    be    soluble    without 
remainder  in  nitric  acid.      From  the  weight  of  the  metallic  silver, 
the  equivalent  number  of  the  organic  body  that  had   combined 
with  it  may  be  readily  calculated. 


2  !•      CALCULATION   OF  THE   EQUIVALENT  OP  AN   ORGANIC   BODY. 

An  example  vriW  best  explain  the  method  of  proceeding : — 

487:5  grs.  of  acetate  of  silver  left 
31*49  grs.  of  metallic  silver. 


17*24  will  therefore  express  the  loss,  due  to  the  united  weigkt 
of  acetic  acid  and  oxygen  combined  with  silver;  then 

/"l  eq.  Rilvcr. 

31-49  =1    'o»    •  •■    i7"24   :   *    (=59) 

5y—  I       8        =51*  the  equivalent  number  of  acetic  add. 

Another  example  will  show  the  method  of  calculating  tlie 
number  of  cciuivalcuts  of  each  element  in  the  compound  : — 

By  combuKtiou  with  oxide  of  copper  it  is  found  that  10  git 
of  acetate  of  silver  yield 

OniM. 

5-277  grains  of  carbonic  acid  =   i*439  carbon 
1*620  grains  of  water  =  o'i8o  hydrogen 

And  (from  previous  expt.)    •  6*462  silvcar 

The  deficiency     •     .     •     .     =1*919  oxygen. 


lo-ooo 


Tlicn  by  proportion — 

8ilvi«r.  Eq.  Jtilrer.  t    Carbon. 

6*462  :   108  :  :   I  1-439   •  ^  (=H)*  or  C4. 
6-462   :   108  :  :   |  0*180  :  a?  (=  3),  or  H,. 

1*919     :     X  (=32),  or  O4. 

Total =59 

deduct  1  equivalent  of  oxygen      •     .  8 

and   we    obtain    the    equivalent   of  ")  p  tt  n 

anhydrous  acetic  acid       ,     .     .    )      ^  '         *    »    • 

In  some  cases  the  required  compound  with  silver  cannot  be  oh- 
tallied :  a  salt  of  lead  is  then^  if  practicable^  substituted  for  it.  The 
residue  after  incineration  in  this  case  does  not  consist  entirely  of 
metallic  lead,  neither  is  it  all  oxide  of  lead.  In  order  to  determine 
tlic  proportion  of  each,  the  residue  is  carefully  weighed  and  treated 
vith  acetic  acid  in  the  crucible  itself;  the  oxide  of  lead  is  thus 
dissolved  and  washed  away.  When  the  contents  of  the  crucible 
have  been  carefully  dried,  a  second  weighing  gives  the  quantity  of 
metallic  lead,  whilst  the  loss  fi^rmshes  that  of  the  oxide.     From 
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the  metal  the  quantity  of  oxide  to  which  it  is  equivalent  may  be 
calculated ;  this  added  to  the  portion  dissolved  by  acetic  acid  fur- 
nishes the  whole  quantity  of  oxide  contained  in  the  compound : 
a  calculation  similar  to  that  employed  for  the  silver  salt^  then 
supplies  the  equivalent  number  of  the  body  analysed.  This  method 
is  not  quite  so  accurate  as  the  preceding;  it  involves  more  mani- 
pulation^ and  the  compounds  of  lead  are  apt  to  undergo  slight  loss 
by  volatilization  at  a  high  temperature. 

It  would  be  out  of  place  here  to  enter  in  detail  into  the 
methods  of  checking  the  correctness  of  an  analysis  in  its  various 
parts.  For  information  upon  this  point  the  reader  is  referred  to 
Liebig's  Handbook  of  Organic  Analysis,  The  subject  is  an  im- 
portant  one^  and  it  is  not  always  sufficiently  attended  to  by  those 
who  devote  themselves  to  analytical  researches  of  this  description. 

Classification  of  Organic  Compounds. 

{913)  The  classification  of  the  immense  variety  of  compounds 
that  are  presented  to  the  chemist^  either  naturally  by  the  organs 
of  the  living  vegetable  or  animal^  or  that  are  derivable  from  the 
bodies  so  obtained  by  the  employment  of  chemical  reagents^  may 
be  efiected  upon  two  principles.  The  first  of  these,  which  rests 
upon  analogies  of  function  (according  to  which  bodies  are  arranged 
under  the  heads  of  acids,  bases,  &c.),  might  seem  to  be  the  more 
natural,  but  the  second,  which  is  based  on  the  chemical  relations  of 
the  difierent  compounds,  is  the  truly  philosophical  system.  The 
first  method  of  arrangement  was  the  only  practicable  one  in  the 
infant  state  of  the  science,  and  it  still  presents  certain  advantages 
to  the  student  in  the  early  stage  of  his  career;  but  the  second 
will  eventually  supersede  the  former,  as  it  greatly  facilitates  the 
important  study  of  the  true  analogies  of  the  different  compounds 
with  each  other.  The  time  is  approaching  when,  to  use  the  words 
of  Gerhardt,  "  organic  chemistry,  awarding  to  physical  characters 
and  chemical  functions  but  a  secondary  importance  as  means  of 
classification,  must  rest  upon  some  wider  principle  which  is  applicable 
to  all  substances,  whatever  may  be  their  physical  characters  and 
their  chemical  functions.  After  having  studied  bodies  in  relation 
to  the  metamorphoses  of  which  they  are  susceptible,  she  must 
group  together  those  which  are  derived  one  from  the  other,  and 
when  she  has  thus  arranged  a  certain  number  of  groups,  or  of 
series^  she  must  inquire  whether  amongst  the  bodies  which  these 
groups  embr^ce^  there  be  not  some  which  have  a  higher  degree  of 
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and  famish  derivative  scries  in  which  the  homology  ie  still  pre- 
served. Wc  nmy  exemplify  the  formation  of  these  collateral  serin 
iu  the  derivatives  obtained  from  the  alcohols. 

2.  Vinic  Adds, — When  ordinary  alcohol  is  mixed  with  n 
equal  weight  of  strong  sulphuric  acid^  a  large  portion  of  the  aloobol 
and  of  the  acid  unite  and  form  a  new  compound  acid  temud 
8ulpho-vinie  or  sulph-ethylic  acid  110^  04X150^  2  SO^;  two  equi- 
valents of  sulphuric  acid  uniting  with  the  elements  of  I  equivslent 
of  alcohol^  whilst  two  e(|uivalents  of  water  are  liberated.  Now 
wood  spirit^  fouscl  oil^  and  each  of  the  other  alcohols,  whcm  similarlj 
treated  furnishes  a  compound  i)erfectly  analogous  to  sulph-ethylic 
acid,  as  is  represented  in  the  foUo>nng  table ; — 

Sulphomothylic  Acid HO,  C,  H,  O,  2  80, 

Sulplu'tliylic.  (Sulpliovinic)  Acid  ....  HO,  C^  H»  O,  a  SO, 

Sulpliotntylic  Acid HO,  C,  Hy  O.  2  SO, 

Sulphoictrylic  Acid HO,  Cg  H,  O,  2  SO, 

SulphomyhcAcid  • HO,  C,j,H„0,  2  SO, 

&c.  «&o. 

the  general  formula  for  these  vinic  acids  being  [HO,  (C,H,+i) 
O^aSO,.] 

3.  Ethers. — If  sidpho-vinic  acid,  or  if  a  mixture  of  equal 
volumes  of  sulphuric  acid  and  of  alcohol,  be  exposed  to  heat  in  a 
n;tort  and  distilled,  a  volatile  liquid  which  has  been  long  known 
under  the  name  of  etJier  passes  over ;  and  a  similar  body  may  be 
obtained  from  the  other  alcohols.  The  composition  of  these  dif- 
f(.'i*(3nt  ])odies  is  such  that  they  all  admit  of  being  represented  by 
formulae  which  contain  the  same  elements  as  the  alcohols  whidi 
yield  them,  minus  i  equivalent  of  water,  thus  : — 

(CmHh  +  ,)0  (CJin  +  ,0.  +C,H.+.0) 

Methylic  Ether C,  H,  O  or  a  (C,  H,  O) 

Vinic  (or  ordinary)  Ether      .    C.  H.  O  or  2  (C.  H-  O) 

Propylic  (Tritylic)  Eihcr  .    .    C,  il,  O  or  2  (C,  H.  O) 

liutylic  (Tctryiic)  EtJicr    .    .    C,  H,  O  or  2  (C^  H,  O) 

Aniylic  Ether CjolfnO  or  2  (Ci„HjiO) 

the  general  formula  for  these  ethers  being  (C^H^+i)  O  ;  conse- 
quently they  may  be  regarded  as  being  derived  from  the  alcohols 
by  the  abstraction  of  1  equivalent  of  water ;  for  instance — 

Alcohol.  Ether. 

cjii^oTub  —  no  =  cji^, 

or  generally  [(C,H,^,)  O,  HO]— IIO  =  (C.H^^i)  O.  It  is, 
however,  more  probable,  as  will  be  shown  hereafter  (986),  that  th^ 
are  formed  not  from  i  equivalent,  but  from  a  equifaknts  of  alcoholj 
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by  the  removal  of  2  equivalents  of  water ;  2  [(C,H,  +  i)  O,  HO] 
_aH0  =  2[(C.H,^,)0.] 

4.  Hydriodic  and  other  corresponding  Ethers. — ^The  ethers  in 
their  turn  admit  of  the  displacement  of  the  oxygen  which  they 
contain  by  chlorine,  bromine,  or  iodine,  producing  a  number  of 
bodies  analogous  to  each  other.  Thus,  if  alcohol  be  treated  with 
hydrochloric,  hydrobromic,  or  hydriodic  acid,  instead  of  with  sul- 
phuric acid,  water  is  separated,  and  chloride,  bromide,  or  iodide  of 
ethyl  is  formed :  C^RJQ^  +  HI  =  C.H^I  +  2HO. 

The  following  table  exhibits  the  analogy  and  the  homology  of 
these  compounds : — 


Methyl  compounds  . 
Ethyl                 do.     . 
Propyl  (Trityl)  do.     . 
Butyl  (Tetryl)  do.     . 
Amyl                 do.     . 
&o. 

Chloride. 

Bromide. 

Iodide. 

C.H.Cl 

CiolIiiCl 
<&c. 

CjHjBr 
C^HjBr 

C,H,I 
CioH,iI 

In  the  preceding  table  several  blank  spaces  appear,  the  com- 
pounds corresponding  to  them  not  having  been  formed  as  yet, 
though  there  is  no  doubt  that  they  could  be  obtained  without 
difficulty. 

5.  Hydrocarbon  radicles  of  the  Ethers, — When  iodide  of 
ethyl  is  sealed  up  in  a  strong  tube  and  heated  to  about  yxP  F.,  in 
contact  with  metallic  zinc,  iodide  of  zinc  and  a  quantity  of  a 
peculiar  hydrocarbon  (C4II5)  is  set  at  liberty.  This  substance  has 
been  termed  ethyl,  and  has  been  regarded  as  the  basis  of  ether, 
which  has  the  composition  of  an  oxide  of  this  hydro-carbon.  By 
analogous  means  the  radicles  of  several  of  the  other  ethers  have 
also  been  isolated.  The  general  formula  of  these  compounds  may 
be  represented  as  (C,H.+i),  or  as  (C^H^+u  C^H^+,) ;  thus — 

Methyl =  C^,    or    (C^HJ  C,HJ 

Ethyl =  C4H.    or    (C^H,,  C^HJ 

Propyl  (Trityl)    .....         Not  isokted 

Butyl  (Tetryl) =  C^HL    or    (CgH,.  C^  H,) 

Amyl =  C,oH„  or    (C,,T[,,.  C,,U,,) 

6.  Homologous  Hydro-carbons  of  the  form  (C,H  J . — If  alcohol  be 
treated  with  three  or  four  times  its  volume  of  sulphuric  acid,  or 
with  anhydrous  phosphoric  acid,  and  be  distilled,  it  loses  the 
elements  of  two  equivalents  of  water  instead  of  one  equivalent 
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oiily^  and  a  gaseoiis  compound  of  carbon  and  hydrogen^  wUdi 
constitutes  olcKant  gas^  is  lil)cnitcd.  A  similar  hy dio-earbon  mij 
be  obtained  from  each  of  the  other  alcohols :   for  example — 

Alctihol.  Olcft.  Om. 

C^iTA-  2  IIO  =  C^H^; 

and  generally^ 

(C.II,  .  ,)  O,  -  2  no  =  (C.HJ 

C,H,    or  (C.H^,)  H 


:Mothvlonc C,  H,  or  C,  H,   H 

KilivUtMOMiantGas;     .    .    .    .  G^  H^  or  C^  H,.  H 

rrupvlenc  (TritvliMie) C,  H,  op  C.  H^.  H 

THrylfuo(OilGa») C,  H.  or  C,  H,.  H 

Amyleiic C,pH„  or  C,^H^  H 

7.  Aldthyih. — If  ah'ohol  1x?  distilled  with  oxide  of  manganoe 
and  dilute  sulphuric  acid,  or  with  other  oxidizing  agents  tbe 
oxidating  influence  of  which  can  be  applied  with  suflBcient  slow- 
ness and  n*gularity,  a  very  volatile  liquid  may  be  obtained  (971), 
which  contains  the  elements  of  alcohol^  minus  2  equivalents  of 
hy(lro<^en.  This  substance  is  known  as  aldehyd.  By  similar 
nutans  corresi)ondin<^  conii)ounds  may  be  obtained  from  the  other 
alcohols,  these  aldehyds  possessing  the 

GeiuTal  Formula.  (C^IIJ  O.        or      HO,  (C.H... ,)  O 

Forniio  AlJeliyd  .    .    .    .  C  H,  O,  or  HO,  C,  H  O 

Acotic  Aldolml    ....  C,  H,  O,  or  HO,  C^  H.O 

IWionic  Alilchyd    .    .    .  Cj  H,  O,  or  HO,  C,  H.O 

Butyric  Aldohyd  (Butvral)  i.\  1I„  O,  or  HO,  C,  H,0 

Valoric  .Udehyd  (Valeral) .  C\oU,„05  or  HO,  C„H,0 

tli(»  action  of  2  equivalents  of  oxygen  upon  i  equivalent  of  an 
alcohol  is  to  convert  it  into  an  aldehyd,  with  the  removal  of  % 
equivalents  of  water ;  thus 

Alo<»hoI.  Aldehril. 

CJI A  +  Oa  =  C^HA  +  2  HO ; 
and,  generally,  (C,1I,^,)  0,  +  0,=  (CJIJ  0,+  2  HO. 

8.  Homologous  Volatile  Acids. — The  aldehyds  are  neutral 
substances,  but  they  rapidly  absorb  2  equivalents  of  oxygen  from 
the  air,  and  thus  l)econie  converted  into  |)Owerful  hydrated  acids, 
the  general  formula  of  these  liydrates  being,  IIO,  (C,H,.,)  Q, 
or  (C  JI JO^.  These  acid  compounds  are  therefore  derived  by  a  pro- 
cess of  oxidation  from  the  alcohols;  the  formation  of  the  aldehyd 
l>eiug  the  intermediate  stag®  >^  ^14  equivalents 
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of  oxygen,  by  acting  on  i  equivalent  of  an  alcohol,  convert  it  into 
one  equivalent  of  the  hydrate  of  a  corresponding  volatile  acid, 
whilst  2  equivalents  of  hydrogen  are  eliminated  in  the  form  of 
water.     Thus : — 

Alcohol.  Ac«tJo  Acid. 

CJIA  +  O^  =  CJI4O4  +  2  HO, 

and  generally 

C.H.^,0,  +  0,=  (C.H.)0,+  a  HO. 

The  volatile  fatty  acids  belong  to  this  series,  which  is  indeed 
more  complete  than  that  of  the  alcohols.  A  considerable  number 
of  these  acids  exist  in  many  of  the  vegetable  and  animal  fats  and 
oils;  but  chemists  have  not  as  yet  succeeded  in  obtaining  a 
general  method  of  reconverting  the  fatty  acids  into  alcohols, 
though  the  alcohols  are  readily  converted  into  their  corresponding 
acids.     The  more  important  of  these  acids  are  the  following : — 

General  Formula       =  HO.  (C.H,  - 1)  O,         or         (C,H J  O^ 

Formic  Acid HO.  C\,  IT  O,  or  C,  Hj  O4 

Acetic HO,  l\  H^  O^  or  C^  H^  O^ 

Propionic HO,  V^  E^  i>,  or  C,  H,  O^ 

Butyric HO,  C^  H^  O^  or  C«  Hg  O^ 

Valerianic HO,  t,„Hj^,  or  Cj^HjoO^ 

Caproic HO.  LVJl./^  or  CuH^O^ 

CEnanthylic HO,  C,^Uia(^a  or  C^^}l^^O^ 

Capylic HO.  C,,a„03  or  C,,H,,0, 

Pelargonic HO,  C,,Hi,Uj  or  C,JI,gO, 

Capric  or  llutic  ....  HO,  C^B^^fi^  or  C^oll^O^ 

Laurie HO,  Cj^HjjO,  or  C„H„0^ 

:MyrLstic HO,  C^Hj^O,  or  Cj^H^O^ 

Palmitic HO,  CQH,,0,  or  CjjH^O^ 

Stearic HO,  Cj^Hj^Oj  or  C^R^fi^ 

Cerotic HO,  Cj^HjjO,  or  C^^H^O^ 

Melissic HO,  C^oH^Oj  or  CwH«o^4 

Each  equivalent  of  acid  corresponds  to  4  volumes  of  vapour,  and 
requires  i  equivalent  of  base  for  its  saturation. 

This  group  of  acids,  which  is  one  of  the  most  complete  of  the 
homologous  series,  illustrates  in  a  very  interesting  manner  the 
general  similarity  in  properties  which  always  exists  in  homologous 
bodies.  This  statement  may  appear  paradoxical  when  the  extreme 
terms  of  the  series  are  compared  together,  since  formic  acid  is  an 
exceedingly  pungent  corrosive  volatile  liquid,  which  requires  cooling 
below  32°,  in  order  to  render  it  solid,  and  it  is  miscible  with 
water  in  all  proportions ;  whilst  melissic  acid  requires  a  tempera- 
ture of  192°  for  its  fusion,  is  insoluble  in  water,  and  has  the  pro- 
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perties  of  a  fat :  but  if  we  compare  together  the  oontigooos  tenm 
of  the  scries^  such  as  the  formic  with  the  acetic,  the  acetic  vitk 
the  propionic  acid^  and  so  on,  no  abrupt  change  in  properties  will  be 
perceived  between  the  contiguous  terms ;  each^  as  the  proportka 
of  carlx)ii  and  hydrogen  increases,  becomes  gradually  leas  and  ha 
volatile^  less  fusible,  less  inclined  to  dissolve  in  water,  until  we  reack 
the  true  fatty  acids.  Now  this  similarity  in  properties,  which  it 
obsened  e([ually  in  other  groups  of  homologous  substances,  nitB- 
rally  leads  to  the  sup{)osition  that  there  must  be  a  similarity  ii 
clieniical  constitution.  It  is  not  unreasonable  to  suppose  that  the 
acids  HO,  (C,H^_,),03,  arc  all  formed  upon  the  plan,  or  type  of 
tlic  simplest  of  them,  viz.,  formic  acid.  Various  theories  mayk 
advanced  as  to  the  composition  of  formic  acid,  but  whateva  tU 
composition  may  be,  we  may  imagine  with  "Wurti  and  wi4 
Gerhardt  that  the  other  acids  are  so  many  varieties  of  fonnie 


*  Table  to  tUtistrate  the  arrangem 


CG^ 


Hydro- 
car  bous. 

(C.U.) 

PositiTe 
Badicles. 

or 
»tC.U.+,) 

Simple  EUien. 

(C,H.+,)0 
(C.H.+,(),  C.H,+,0> 

SnlphidM.               Ok 
(C.H»,.,)S            1   {Cfi 

I.    C,H, 
J.    C\U, 

5.  C,.H,. 

6.  C,.H„ 

8.   c,.n,. 

.2:  a 

II. 
17, 

\k    C„H„ 

«7. 
18. 
19. 
20, 
27,    C„H„ 

30.   c.,n.. 

»  (C.  H.) 
2  (C,  11.) 

7  (C.  H.) 
«  (l-',.U„) 
«  (0,.O..) 

(C,n.O,  C,H,0) 
<C,H.O,C,H,0) 

(C,  H.  0,  C,  H,  0) 
(«,.H,.0,  C,.0„0) 

(C„H„0,  C,H„0) 

(C,  H,  S,  q,  H,  S) 
(«.H,8,C,h;s> 

(C„H„8,  C„H„8) 
(C„H^,  C,,H^) 

SI 

CJ 

Relation  to ) 
Hydrogen  j 

u 

Hor» 

HOorggl 

H8«gi} 

EG 
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dd,  wliich  contain  ethyl,  trityl,  tetryl,  &c.,  instead  of  hydrogen ; 

lus: — 

Fo'Tnic  Acid HO,  C,(H)0, 

Acetic,  or  Methylformic HO,  C,(CjH3)0, 

Propionic,  or  Ethylforiiiic HO,  CjCC^HjO, 

Butyric,  or  Trityltbrmio HO,  C,(CjH.)0, 

Valerianic,  or  Tetrylformic HO,  C,(C,H,)Oj 

somewhat  similar  hypothesis  might  be  extended  to  the  different 
cohols  themselves. 

It  will  be  perceived  that  all  these  groups,  derived  from  the 
cx)hols  by  decomposition,  are  produced  by  an  analogous  decom- 
»ition  of  the  several  alcohols,  and  that  they  all  preserve  a  strict 
)mology  in  their  respective  groups.  This  will  be  more  easily 
ftced  by  the  aid  of  the  table  below,*  in  which  the  different 
Eisses  of  compounds  just  described  are  so  arranged  that  all  those 
impounds  which  are  placed   in  the  same  vertical  column  are 


unds  in  Homologous  Series. 


n 

HO) 

Aldobydi. 

(C.H.)0, 

(C.H,  "1^)0,  HO 

Tdstile  Add*. 

<c,njo. 

HO.(C.H._,)0, 

Compoimd  Bthen. 
C,H„,O,CH,_,0, 

HO 
HO 
HU 
HO 
HO 
HO 

HO  1 

HO 

BO 

MO 
HO 

C,H,a,  HS 

c„e..s.  HB 

C,  H  0,  HO 
C,  H,0,  HO 
C,  H,  0,  HO 
C,  H,  0,  HO 
C„H,0,  HO 
C„H„0,  HO 
C„H.,0,  HO 

OhH„o,  ho 

C„H„0,  HO 

HO,  C,  H  O, 

Ho,c,n,o, 

HO.  C.  U,  0, 
HO,  C,  H,  0, 
HO,  C„H.  0. 
HO,  C,.H„0. 
HO,  C„U,.0. 
HO,  C,.H,.0, 
HO,  C,.H„0. 
HO,  C..H,.0, 

HO,C,.H„0. 

HO,  C«H„0. 

HO,  C.H„0. 

HO,  C^H„0, 

HO,  C,.H,0. 
HO,  C„H„(J, 
BU,  C„H„0. 

0,H,0,  C.HO,    I. 
C.H.O,  C,H.O,    a, 

C,  H.O,  C.H,0,    4. 
C,.H„O.C,.H,0.    J. 
C,  H.O,  C„H„0,    6. 
C.H,0,C„H,.O.    J. 
C,H.O,C,.H,.0.    8. 
C*H,0,C„H„(J.    9. 
C.H.O,  C..H„0,  10. 

c.H.o,c„H„o.  !1: 

C,H.0,C.H.,0.J4: 
C.H„0,C.H.,0,U: 

C,H.O.C„H„0.  U: 
19. 
10. 

C„H„0,  C„H„0    17. 

30. 

:o> 

.HSorHlj 

III. 


':.r:y.'*yjsrx»,  wi£ac  tfusse  vUek 

■  .  ui-i'ju  :Lani:tir*:   '"^iit  is  will  lie 
•  \  v.r-  lii:r^-.c:al  lize  ire  all  rdascd  u>  Ae 

Ex/^rci-.r-*  v^  -/r.L*  cz^ocTchr  occur  i 
-fi.-*^  -f  -:.«^  ::  ?:ipi:-.-«i  e^if?r»-  the  S^rmala 

.:.*Txzxr::^  r^cr^^Hrr.-*  :Le  etber  fcmcd  by  Ac 
V.-.-.  -::...-  ......trT.  rjZf'jt  '^-sse  cijcnptDHiids 

:*..-.v.r^^    a.-..i   *t:ii:cii  *.h.in    anr  ocLer 
'...  ■■.:r^  1.'.  i  r-r-T  :rj*tA::i::e*  the  ci:-nipoaiid 

...r.  rji  '}„^_   a.-:.i  of  the  «erle*  wiih  m 
;•  ■■'.',.  ar/.  tr.r-r-*  caa  be  e.o  doub;  that  sndi 
'.<*^  -/i  f..r.v.f<i  i:  a.'.T  *Ti±c:e::t  LLdocemciit  to  thci 
•vr: ;  or  i:  ::.e  rrjkrerui*  reciiired  were  snfficieiitlj 
Ty.e  "-r^i  ..rr.n  hea/ied   Mtrccptams  amtaans  a    juma  of 
r.'.  '.^4  Tjr.y  h  <'crr^pr>r.fi  to  the  alcohols, and  are  stricclr  mntiagm 

■  ■'.  *r.frr» ;  f,\jj  rr^r.ta:a  «clpfaar  in  tLe  place  of  azjgai:  tkiri- 

r^  %r<:  hc.:iU/(:/rk*  in  like  manner  to  the  ethers;  and  the  bn- 

:•'•«  mA   ,rA.f\fn^j  vhich  Lovever  are  not  indnded  in  tlie  tabk; 

>"    ^'.At^KT/'/,.^    Vi  thr^  chlorides.     The  qoantities  mpnwadi 

■•■  '^^Tf,  ,/^  ir.'i*iri  in  the  table  yield  in  all  cases  wfane  tlie 

r,    yi  ,-*   vv.*:.>:    »>ho»i:  deconc position,  4  Tolnmes   of 

',.>*  *H';i^,  x:.%uj  Vjlarik.H  occur,  which  coold  in  most  CMes  k 

•  ^*    »>  ,f  *>,/^  '/fft.^,mii\%  which  correspond  to  them  preKnIel 

^vy.r,*  .r,vr<^^,  ♦/,  inrjur-f;  the  chemist  to  prepare  tfaem.     Ket 

•f."y/>:/,^  *f-j  «r*/>ir:r|  FjfHnjf  continually  added  to  the  KsIl     ]^ 

^  tf'Ar^y."/  v,t  rh^t  t>-rrit/>rj-  which  has  been  eiplored,  Om  |ID- 

/-  ^-  "/  f .-  .f.  r^«^4r/:h  14  materially  aided,  and  each  new 

/,     /i,  *.    >•  ^  'l^v/AJ^Yed,  more  readily  falls  into  its  true 

"     '    /-^   /'U/y/-.*  •//  //fUrr  lxxli#,-s   previously  known  are 

V;^,,  ///>/// /y  ///  rom/^mnd  Radicies. —Liehig  explains  Ob 
"  ^->/  ,<,  ^fl'-zp^^*,^*  >/^i»^^,  the  terms  of  homologous  aeries  Ij 
.  y/^  /  *r>  A/..V/^A  ,/,  i*/;h,  of  a  certain  group  of  demeDti 
.  -,  ,y  p-'/^f*\*  *-  »;^  /*/$^li. /^  t|,c  *tcries.  He  has,  in  &e^ 
,.  .,>  .,^  '.y/zf/  /^  /////f////^/y//  rudirU:M,  as  it  is  termed,  the  hsH 
/  .  ,  .  *.•  ^/^/y/^,,  **,/!  ^>.*^^f»wyj  orjfanic  chemistry  to  be  the 

^     >  '  Vt./  >/  ///^^;//'r/./J    #*/;  '  >  •      Ar/y^^^,^  4^,  ^j^  supposition,  ihS 

V*-  *  *A  w>,  A^M^  /.  *  fc/rf/'"  4i  all  the  heienb^ 
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bodies  of  the  series,  or  boclica  not  analogous  in  composition, 
ivcd :  for  example^ 

Ether,  or  Oxide  of  t^  Eadiete, 

Mctlivlic  Ethor .  (C.^  Hj^.  O 
A'iDic'Elher  .  .  (C,  H^J,  O 
AmylicEthcT    .(C,„H„),  O 

Compound  Ether^ 

Formmte  of  Methyl  .  (C^  H,)  O,  (C.  H]  O, 
Act^tiite  of  Ethvl  .  .  (C,  IJJ  O,  (t\*  HjO, 
VulerateofAmjl  .    .  (Ct„0,j)0,  (C,„H^)0, 


Compound  RadieU* 

Methvl  .  .  .  (C,H,) 
Ethyf  .  ,  .  .  (C,  H,) 
Amyl   ,     .    .     ,    (C,„H,,) 

Alcohol,  or  It^drated  OiHde, 
Wood  Spirit  (C-  H  J  O,  HO 
Alcohol  .  .  (C,n,)0,  HO 
Fousei  Oil  .    (C,yH,i)0,  HO 


Upon  this  theory  the  simple  ethers  are  oxitles  of  the  peculiar 
electro-positive  hytlroearbon  which  forms  the  radidc  of  tlie  series ; 
the  alcohols  are  the  hydrated  oxides  of  the  same  radicle,  and  the 
BO-ealled  bydrochlDric,  liydrobromie,  liydriodie,  and  hydrosulplmric 
ethers,  ure  simply  eompoonds  in  which  cIilorine»  hroniiiic,  iodine, 
or  sulphur  have  taken  the  place  of  the  oxygen  of  the  ordinary 
ether,  just  as  in  the  compounds  of  a  metal  tiie  chlorine,  the 
iodine,  or  the  suiphur,  disphiccn  the  oxygen  ;  whilst  the  coraponud 
group  termed  etliyl  (C^Hg)  discharges  a  function  in  these  compounds 
analogous  to  tliat  of  potassium  in  its  salts :  thus,  calling  etliyl 
(^C^H^)  =  Et.,  the  two  scries  would  run  as  follows  : — 


Oxide  of  potassium  KO 

Chloride  of  ditta  .  KCl 

Iodide  of  ditto      .  KI 

Sulphide  of  ditto  *  KS 


Oxide  of  ethyl 
Chloride  of  ditto  . 
Iodide  of  ditto 
Sulphide  of  ditto. 


The  mercaptans  correspond  in  composition  to  alcohol  in  which  the 
place  of  the  oxygen  is  supplied  by  sulplmr;  whilst  the  compound 
ethersj,  such  as  the  formic,  the  acetic,  and  the  valeric,  are  regarded 
in  the  light  of  salts,  in  which  tlie  formic,  the  acetic,  or  valeric  acid  is 
combined  with  the  oxide  of  methyl,  of  ethyl,  or  other  compound 
radicle,  by  wiiich  its  acid  properties  are  comi>letely  neutralized. 

The  aldehyds  and  acids  are  regarded  as  belonging  to  a  different 
series,  which  contains  a  different  organic  radicle  possessed  of 
electro- negative  properties  :  for  instance. 


Cotnponnd 

Htdrftted  Oiiile, 
or  AMeh>tl 

Hydrmted 
VolftiLIc  Acid. 

Perchloride. 

Formyl  (C,H) 
Acetyl  (C,H,) 
V»k.r7l(C,oH^) 

IS«E;dj(^^^H.)O.HO 

A!dahTdieAHd> 
UO,(C,H,)0.i 

FonnioH0,{C,H)O, 
Ae*lio  HO,  (C»U,)0, 
V»bi-icHO,(C,A)0, 

I'^'f^-jcc^jcv 

The  radicle  of  eacli  of  these  electro- negative  series,  it  will  be  seen, 

o  2 
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differs  from  the  radicle  of  the  alcoliol  from  which  they  are  pro- 
duced by  2  equivalents  of  hydrogen  :  methyl  (C2H3)  by  the  loss 
of  2  eqnivaknts  of  hydrojj:('n  yicldijig  the  elements  of  formyl 
(C2II)  ;  ethyl  minus  2  ecimvalcnts  of  hydrogen,  furnishing  the 
elements  of  acetyl^  and  so  on. 

It  is  true  that  the  theory  of  comjiound  radicles  supposes  the 
existence  of  a  number  of  substances  which  have  not  been  isolates  1, 
and  possibly  also  of  many  which  can  have  no  separate  existence. 
But  this  is  a  disadvantage  which,  as  Dr.  Gregory  justly  remarks, 
it  shares  with  every  chemical  theory  which  has  hitherto  been 
broached ;  and  if  the  view  of  Liebig  does  not  afford  a  correct 
representation  of  the  molecular  constitution  of  organic  bodies,  it 
is  at  least  a  very  convenient  fiction,  since  it  materially  facilitates 
the  retention  of  their  composition  in  the  memory,  and  the  com- 
prehension of  the  metamorphoses  which  such  compouuds  expe- 
rience. One  of  the  first  groujM  to  wliich  it  was  systematically 
applied  by  Liebig  and  Wubler  was  that  derived  from  the  essential 
oil  of  bitter  almonds*  This  oil  was  regarded  by  these  chemists  as 
containing  an  organic  radicle,  to  which  they  gave  the  name  of 
ben7.oyl  (Ci^HgOa),  and  which  may  be  conveuieutly  distinguished 
by  the  symbol  Bz.  Although  unsuccessful  in  the  attempt  to 
isolate  this  radicle,  they  succeeded  in  transferring  the  group  of 
which  it  was  supposed  to  conaistj  from  one  elementary  substance  to 
another,  and  in  causing  it  to  enter  into  combination  witli  other 
I  orgamc  gronps;  and  by  the  aid  of  this  liypothesis  they  were 
I  enabled  to  give  as  simple  and  intelligible  an  account  of  the  mode 
in  which  the  compounds  derived  from  it  were  formed,  as  though 
I  they  had  been  dealing  with  the  salts  or  other  compounds  of  a 
/metal.  The  advantages  thus  obtained  may  be  rendered  evident 
by  comparing  the  empirical  formulae  of  these  compounds  with 
those  iu  which  the  organic  radicle  is  assumed  to  be  present : — 


EropirictJ 
Formulii. 


Oil  of  Bitter  Almonds 
Ben/,oic  Arid    .     ,     .     . 
Cyorinated  Compountl  , 
Sulphur  Conajjound   .     , 
Cyanogen  Compound     . 


C,,B,OX'l 
C,.HAN 


CyH/>j=B£ 

BzH»   Hvdride  of  Benzoyl 
HO.  BzO,    Oxkh  of  Benzoyl 
BzCl,  Chloride  of  Benzoyl 
BzS,     Sulphideof  Benzoyl 
BzCy,  Cyanide  of  Benzoyl 


It    is,  moreover^  to  be  observed  that   many  of  the   organic 

radicles  may  be  isolated.  The  existence  of  cyanogcu  as  an  electro- 
negative organic  radicle,  and  the  remarkable  analogy  in  its  mode 
of  combination  to  chlorine  and  the  halogens,  was  known  long 
before  Liebig  had  attempted  to  generalize  the  theory,      Bun&eu 
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£   Bubsequently  isolated  kakodyl    (C^H^jAs),  which   is  an  excellent 
.  representative  of  the  electro-positive  class  of  radicles,  and  others 
E  of  analogous  composition  have  since  been  obtained ;  whilst  several 
;  bodies  having  the  composition  of  such  radicles  as  ethyl  and  methyl, 
which  are  supposed  to  form  the  bases  of  the  alcohols  and  ethers, 
have  been  obtained  in  a  separate  form  by  the  valuable  researches 
of  Frankland  and  others. 
:  (9^7)  Chemical  Types, — The  homologous  series  of  the  alcohols 

r  which  has  already  been  briefly  reviewed  (914)  has  its  representa- 
-  tives  among  the  simpler  compounds  contained  in  the  department  of 
inorganic  chemistry ;  for  by  deducting  2(C2H2)  from  methyl  and 
the  com[K)unds  of  the  methylic  group  (contained  in  the  horizontal 
line  I  in  the  table),  we  arrive  at  hydrogen  and  some  of  its  most  im- 
portant compounds  of  simple  constitution.  Thus  methyl,  if  deprived 
of  2(021X2),  would  leave  a  residue  consisting  only  of  hydrogen; 
a  (C2H3)  -  2  (€2112)  =  Hg.  Methylic  ether  deprived  of  2(C2H2) 
would  leave  water;  a  (C2II3O)  —  2  (CgHa)  =  2  HO:  the  residue 
from  chloride  of  methyl  after  a  similar  deduction  would  be  hydro- 
cliloric  acid,  and  that  of  the  sulphide  of  methyl  and  of  methylic 
mercaptan  would  be  sulphuretted  hydrogen.  Hence  it  appears  that 
the  radicles  methyl,  ethyl,  trityl,  tetryl,  amyl,  &c.,  are  bodies  which 
correspond  to  hydrogen,  and  that  they  may  be  regarded  as  homo- 
logucs  of  a  series  in  which  hydrogen  forms  the  lowest  term ;  that 
the  simple  ethers  and  alcohols  are  homologues  of  water,  whilst  the 
chlorides  and  iodides  are  homologues  of  hydrochloric  and  hydriodic 
acid,  and  the  sulphides  and  mercaptans  are  homologues  of  hydro- 
sulphuric  acid.  Water,  hydrochloric,  and  hydrosulphuric  acid  are,  ■ 
therefore,  the  patterns  or  types  upon  which  these  several  bodies  . 
are  formed. 

This  idea  of  referring  organic  compounds  to  some  simple 
representative  or  type  has  been  systematically  worked  out  by 
Laurent  and  by  Gerhardt. 

The  four  principal  types  to  which  the  latter  chemist  refers 
most  of  the  compounds  of  organic  chemistry  are  the  following : — 

1.  The  metallic  or  hydrogeji  type     ,,  >       or       H2 

2.  The  oxide  or  water  type    .     .      u  \  ^^^^  i  Vi  O 

3.  The  chloride  or   hydrochloric     H 

acid  type CI 

H 

4.  The  nitride, or  ammonia^  tvpe .     H  )•  N 

H 


I 
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It  i*  intportRnt  to  remark,  that   many  bodies   are  referred  to 

lir  Miiuc  tyiK*^  though  they  preweut  uo  analogy  in  chemical  pro- 

rrtiof*,  riihrr  to  it  or  to  cnch  other.      The  various  radicles  which 

ivi»  \n'v\i  pnu  (h\  or  ansumed  to  exist  in  orgaiiie  compounds  vary  in 

iKtrnvti^r  iw  luueli  ii«  the  elementary  Ijodics  themselves.    Some,  like 

Tf^  M  ^r^N),  tunng  Htronj^ly  electro- negative,  may  be  arranged 

\\s  I >M'im»i  fixynen,  anti   Mdphur,  on  the  ri^ht  hand  side  of  a 

|om)»Ui  eonvi^rgitijC  Hcrie* ;  such  as  the  following: — 


POTAftSlUM. 

CHLOKINE. 

aODlUM. 

OXYGEN. 

CAtClUM. 

BULPULE. 

laoN, 

GOLD, 

ike. 

&C. 

ANTIMONY, 
A as K NIC* 

fllllUl  irtliliPi,  like  nldehyd  and  aci^tone,  agree  with  arsenic   and 

HtfMflutnjf    III    fK'cnpying     a    central    or    intermediate    position  j 

lltld    fMmn,    like    kakodyl    (CJl^Aw)    and    the    metallic    dcriva- 

MfM    Iff    iili'ohiil    wonUl    he    urrutiged    with    the    electro-jK^sitive 

^H^   lnitftMiumi  fM*di»nn,  calcium,  &c.^   on  the  left  hand  side 

^lU'fi    a   wrrit*.      Wlicn   we    eompare   togetlier   diftercnt  com- 

\muHAm    linhynging   to    the    «amc  scries,   a   progressive   change   in 

'"•  in  ohHcrvcdj  ik>  thjit  the  differences  observable  between 

'     .    ^  ^^t  iiieh  enmpfmndH  hreome  greater,  the  %vidcr  is  the  interval 

mim^Mt  ih<?  ri*f»pi(*t.ivt*  phu'fh  lu  the  series  of  the  two  terms  sulj-* 

*o  the   compartHotu      Following   this   idea  to   its   extreme 

.  ihfi  »arne  type  may  therefore  comprehend  hoches  belonging 

fH  llm  Mirfn^  elH«R4*ii  of  aeitln,  of  bascj^,  and  of  neutral  bodies;    the 

''■    <'l«*ctn»-negative    iKMliea    being   at  one  cxtrcoiity  of  the 

.  '*ut\  tUi>  iieutnd  hod ic«  occupying  the  intermediute  positions, 

Ifnitf^il  iliu^  ^ii^,  haHCH  (»r  electro- positive  bodies  be  arranged  at 

Ml**  it|»j^Hiifri  ei^trcinitv* 

Mfi  MpplM<ati<>n  of  these  types  by  Gerhardt  to  the  coropomids 
*      *''$f«Nlc  (^hetniHtry  will  l)c  he^t  nndcistood   by  means  of  a  few 

*  ♦  The  hytU-ogcn  or  metallic  type      j  j^ 

Ufi     J  **  /  **^'*  ^'^^'ibardt  refers  the   raclieles   of  the  alcohols,   the 
lltilr         1*^     ^>'^idiz(*<l  radicles  of  certain  acids,  marsh  gas  and  the 
w^artjona  homologous  with  it,  the  aklcliyds,  &c. 

Mcthvl  (*^2^^3  t 
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Ethyl 

Marsh  gas  (hydride  of  methyl) 
Hydride  of  amyl   .... 
Othyl  (Gerhardt's  acetyl)      . 

Benzoyl      

Aldehyd  (hydride  of  othyl)  . 
Acetone  (methylide  of  othyl) 
2.  The  type  water     .     „  r 


Oo,  or 


IC4H, 
(C2H3 
I    H 

I  H 
fC.HaO, 

I     H 

fH,0 
lH,0 


Wood  spirit 


Alcohol 


Hydrosulphnric  ether 
Mercaptan  . 
Ordinary  ether 
Amylethylic  ether 
Acetic  ether     . 
Hydrated  acetic  acid 
Acetic  anhydride  . 


O. 


2f 


or 


Oo,  or 


includes  the  alcohols,  the  hydrosulphnric  ethers  and  mercaptans, 
the  simple  and  compound  ethers,  the  double  ethers,  the  hydrated 
monobasic  acids  and  their  anhydrides  :  for  instance, 

C2H3 

H 
C4H5 

H 
C.H, 
C.H, 
C.H, 

H 

C.H, 


CioHii 

CJI5 
C.HaOa 

C.H5 
CJIaOa 

H 
C4H3O2 
C4H3O2 


or 


or 


Oo,  or 


Oo,  or 


-'2> 


or 


Oo,  or 


Oo,  or 


(  Cg  H3, 
I      H, 

i      H, 

(      H, 

\  ^loHii, 

fC,H,02,0 
(C.Hs,  O 
(  C*  IIjO^,  o 
I  H,  O 
(  C,  H3O,,  o 
[C4HsOj,0 


O 
O 
O 
O 

s 
s 
s 
s 
o 
o 
o 
o 


3.  The  hydrochloric  acid  type  p,  [  comprehends  the  ethers  of 

the  hydracids,  and  the  oxychlorides  of  the  radicles  of  the  mono- 
basic acids ;  for  example : — 


40 


nrdndilane 


Iodide  of  amTl 


{'^ 


{ 


Benzoir  oxTcUoride f  C,Jt/K 

'CUoridr  oT  bniKTl) I       O 

la 


Acetic  OKTcUoride 


4.  TLe  unmoDia  type  H  V  X,       . 


Iv 


Ethvlia  'etbTluDine) 


) 


f  PA 
.   .   .     \     a 
{      H 
rPA 

DipfaoepIietbTlia j  C.aH, 

L       H 

TrimctbTlia  (trimethi'lmmiiie]  ,     «     « 1  Qt^U 

Acetamide .  ]  H   1-  K 

I  H  J 

Bcnzoyl->aIicdainide ^  ^^0«l  N 

I       H     J 

Many  coni|K>Tindii,  such  as  HTdmted  oxide  of 
included  under  the  preceding  typen,  may  be  referred  to 
tion»  of  two  of  the  furcgoing  types  with  each  other- 
It  in  needful  to  bimr  in  mind  that  a  body  does  not 
iK'long  to  a  gireii  type  merely  because  it  may  contain 
characteristic  elements  which  csoiitributc  to  form  the  Epical 
pound.  It  would  !je  wronf;,  for  example^  to  infer  that  a  oomj 
was  formed  on  the  hydrochloric  acid  type  simply  in  co] 
of  tlie  presence  of  chlorine  among  its  components ;  since  the  pro- 
perties of  a  body  are  dependent  not  only  upon  the  nature  mi^ 
pioportions  of  its  component  elements^  but  also  in  a  very  important 
iii;irmer  upon  the  molecular  arrangement  of  those  components  :»* 
1  or  example^  the  chlorine  in  chlorate  of  potash  does  not  peifimn 
tlic  same  part  that  it  does  in  chloride  of  potassium ;  in  the  latter 
instance  it  is  susceptible  of  displacement  ^hen  mixed  with  nitrate 


oftk 


CHEMICAL   TYPES.  41 

of  silver ;   the  soluble  nitrate  of  potash  and  insoluble  chloride  of 
silver  being  formed  when  solutions  of  the  two  salts  are  mixed — 

Ag,  NOe  +  KCl  =  AgCl  +  K,  NO^ 
•whereas,  when  chlorate  of  potash  and  nitrate  of  silver  are  mixed, 
no  precipitation  of  chloride  of  silver  takes  place.  So  it  is  in  organic 
substances;  for  example,  when  isatin  CjeHgNOe  (a  compound 
derived  from  indigo)  is  distilled  with  hydrate  of  potash,  a  powerful 
volatile  base  termed  aniline  (C.jHb,  HjN)  is  obtained.  Now 
compounds  of  isatin  may  be  formed  in  which  one,  two,  and 
:  three  equivalents  of  chlorine  may  be  successively  substituted  for 
an  equal  number  of  equivalents  of  hydrogen  in  isatin ;  and  when 
these  compounds  are  distilled  with  hydrate  of  potash,  they  yield 
substances  corresponding  in  composition  to  aniline,  but  in  which  a 
certain  number  of  equivalents  of  hydrogen  are  displaced  by  a 
corresponding  number  of  equivalents  of  chlorine,  thus  : — 

iMtm,  Hjd.  PotMh.  Aniline.  Cwb.  PoUsh. 

(C,,H4)NO,       -f  ^(KoThO)  =  (CjjHJh^'^    -f%(KO,  coo'  +  »  H. 

ChloriMtin.  Chlormniline. 

}C,.H,CI)NO;  +  4(KO,HO)  =  '(C„Hici)HiS^    +  4(KO,  CO,)  +  a  H. 

DichloriMtin.  Dichlonmiline. 

(C„H,CI,)NO;  +  4(K0,  HO)  =  Tc^HicgH.N  +  4(K0,  CO,)  +  a  H. 

TrichloriMtin.  Trichloraniline. 

(C^Jci^NO,  -f  4  (KG,  HO)  =  '(C„HjCI,)H,N  -f  4(K0,  CO,)  -f  2  H. 
It  is  particularly  to  be  remarked  that  the  basic  properties  of  the 
aniline  are  preserved  in  these  compounds,  though  with  gradually 
decreasing  distinctness ;  and  it  is  not  until  the  third  equivalent  of 
chlorine  has  been  introduced  that  the  basic  power  finally  disap- 
pears :  thus  aniline  is  powerfully  basic ;  chloraniline  is  distinctly 
basic;  dichlonmiline,  feebly  so ;  and  trichloraniline  is  neutral. 

Not  one  of  these  bodies  when  in  solution,  combined  with  nitric 
or  sulphuric  acid  for  instance,  gives  any  precipitate  of  chloride  when 
mixed  with  nitrate  of  silver;  yet  a  single  equivalent  of  chlorine,  in  the 
form  of  hydrochloric  acid,  will  neutralize  the  basic  power  of  any  of 
these  compounds :  thus  if  hydrochloric  acid  be  combined  with  ani- 
line so  as  to  form  hydrochlorate  of  this  base  (CjaH^N,  HCl),  the 
solution  will  have  all  the  characters  of  a  neutral  salt,  and  will  occa- 
sion an  immediate  precipitate  when  mixed  with  nitrate  of  silver ; 

Hjdroehlor.  of  Aniline.  Nitrate  of  Silver.         Chloride  of  Silrer.  Nitrate  of  Aniline. 

C,,H,N,  HCl  +^7^,"  N65  =~^^cr"+  (ci^H^lioTi^ 
These  differences  may  be  accounted  for  by  the  supposition  that  in 
the  different  chlorinated  anilines,  the  chlorine  has  entered  more 
intimately  into  the  composition  of  the  body  than  in  the  case  just 
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citetlj  as  it  is  supposed  that  part  of  the  liydrogen  in  tlie  mole- 
cule of  the  base  has  been  actually  displaced  by  chlorine  in  the 
firt^t  cases;  whereas,  in  tlie  lai*t,  the  chlgniie  has  merely  attached 
itself  to  the  base*  The  full  importance  of  such  processes  of 
substitution  will  be  made  manifest  as  the  reader  proceeds :  and 
in  oriliT  to  facilitate  the  acquirement  of  di^stiuct  notions  upon 
this  point,  we  pass  next  to  the  consideration  of  the  principal  modes 
in  which  the  chemist  effects  the  metamorphoses  of  the  compounds 
wliich  come  before  him. 

(918)  Production  of  Chemical  Meiamorphoses.— Three  principal 
methods  are  employed  in  examining  the  chemical  composition 
of  organic  bodices,  and  in  tracing  their  relations  to  other  com- 
pounds* These  three  methods  are — 1.  That  of  oxidation,  i.  That  of 
reductiofu    3.  TImt  of  suMituiion,  includhig  double  decomposition, 

1.  Oxidation — It  will  be  unnecessary  to  consider  minutely  the 
effects  of  rapid  direet  oxidation  or  combustion^  as  the  general  result 
in  all  cases  where  a  sufficient  amount  of  air  is  supplied  is  to  convert  | 
the  carlxju  into  carbonic  acid,  and  the  hytlrogen  into  water^  whilst 
the  nitrogen  is  commonly  liberated   in   the  free   state.      It  is  the       1 
study  of  the  process  of  gradual  oxidation  which  aflbrds  results  so  ^| 
in!*tructive  to  the  chemist.       When  an  organic  body  is  placed  in  " 
contact    with   a   powerful   oxidizing    agent,    such    as   nitric   acid, 
chromic  acid,  or  a  mixture  of  sulphuric  acid  and  black  oxide  of 
manganese,  the   cflccts  whicli  are   produced  will  vary  in  difiereiit 
cases.    In  some  compoiuids  hydrogen  alone  will  be  oxidized,  as  when 
alcohol  is  submitted  to  distillation  w  ith  chromic  acid ;  in  which  case 
water  is   produced,    and  a  new  l>ody,  aldehyd,   containing  aU 
carbon  of  the  alcohol  is  produced  : — 

CJlIo.  +  O,  =  CJ1^3  +  %  HO 

In  other  instances,  Ijoth  the  carbon  and  the  hydrogen  arc  partially 
removed  in  the  form  of  carbonic  acid  and  water,  whilst  an  organic 
body  of  less  complex  composition  is  left ;  as  when  stearic  acid  is 
treated  with  nitric  acid  :  in  this  case  the  products  vary  w  ith  the 
strength  of  the  acid  employed,  and  with  the  time  during  which 
they  arc  left  to  act  upon  each  other ;  so  that  the  following  com- 
pounds, each  successively  simpler  in  composition^  might  be  ob*J 
tained  from  stearic  acid  Cgj^Ha^O^  :— 


Capric  acid  .  C^IL^/)^ 
Suberic  acid  .  Ci^Hj^Og 
Pimelic  acid  .  C^iHjoOg 
ffijjanthvlic  acid  C^Ji^^O^ 


Adipic  acid     . 

Butyric  acid   , 

Succinic  acid  . 

&c. 


^1  all  10^8 
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But  it  is  not  only  to  the  processes  of  oxidation  effected  in  the 
laboratory  that  it  is  necessary  to  attend.  Oxidizing  actions  are  in 
constant  operation  unperceived  on  every  side  of  us.  The  gradual 
decay  of  organic  compounds  is  owing  to  their  spontaneoas  slow 
oxidation  :  for  decay  is,  in  reality,  only  a  slow  process  of  combus- 
tion; a  fact  which  Liebig  indicates  by  substituting  the  term 
eremacausis  for  that  of  decay.  The  decay  of  wood  is  a  familiar 
instance  of  this  kind ;  the  hydrogen  of  the  wood  becomes  more 
rapidly  oxidized  than  its  carbon,  and  the  result  is  the  formation  of 
a  brown  powder  termed  ulmin  or  humus,  in  which  the  carbon  pre- 
ponderates over  the  hydrogen  and  the  oxygen  to  a  much  greater 
extent  than  in  the  wood  from  which  it  was  formed.  These  slow 
processes  of  combustion  are  intimately  connecte<l  with  the  develop- 
ment of  ozone,  or  chemically  active  oxygen  (288).  In  certain  cases 
the  formation  of  ozone  is  so  abundant  during  such  actions,  as  to 
furnish  some  of  the  best  means  of  obtaining  this  singular  body. 
Thus  ozone  is  always  formed  during  the  slow  oxidation  of  phos- 
phorus in  air ;  and  it  appears  also  to  be  produced  in  the  oxidation  of 
oil  of  turpentine  and  ether  under  particular  circumstances,  as  when 
a  hot  platinum  wire  is  suspended  in  a  mixture  of  the  vaiwur  of 
ether  aud  atmospheric  air.  The  ozone  thus  developed  has  in  its 
turn  a  powerful  influence  in  promoting  the  oxidation  of  the 
organic  body,  though  of  course  it  cannot  be  supposed  that  the 
presence  of  ozone  is  essential  to  the  production  and  development 
of  such  oxidations,  for  they  constantly  occiur  where  no  ozone  can 
be  supposed  to  exist ;  whilst  in  other  cases  the  production  of  ozone 
appears  to  be  a  consequence  rather  than  a  cause  of  the  process. 

The  importance  of  studying  the  action  of  such  cases  of  oxida- 
tion must  be  obvious,  when  it  is  borne  in  mind  that  it  is  always 
by  the  agency  of  oxygen  upon  the  various  complex  substances  con- 
tained in  the  animal  body  that  they  are  gradually  resolved  into 
carbonic  acid,  water,  and  ammonia ;  in  one  or  other  of  which 
forms  they  return  again  to  the  domain  of  inorganic  chemistry. 

2,  Reduction. — Processes  of  reduction  are  less  completely  imdcr 
the  control  of  the  chemist  than  those  of  oxidation,  and  they  are 
consequently  not  applied  in  the  laboratory  so  easily  or  so  fre- 
quently. In  a  few  cases  one  or  two  e<|uivalents  of  hydrogen  may 
be  combined  with  the  original  compound ;  thus  alloxan,  under  the 
influence  of  sulphuretted  hydrc^n,  furnishes  alloxantin  :-^ 

AOozan.  Alloxantin, 

ShInPio  +  IIS  =  cXnAo  +  s. 

and  In  a  somewliat  similar  manner  blue  indigo,  under  the  oom» 
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bined  action  of  protoxide  of  iron  aod  alkalies  becomes  converted 
into  white  indigo  : — 

Blue  Indigo.  "WTut*  Indigo. 

C,,H,NOa  -h  HO  -h  2  FiO  =.  ciJl^,  +  FeA- 


tion 


Sometimes  deoxidation  occnrs  during  the  process  of  fermenta* 
;   as  when  ma  late  of  lime  is  allowed  to  ferment   in  contact 


with   decayed   cheese;   succinic,  acetic,   and   carbonic   acids  l>eiug 
the  result ;  the  formula  of  malic  acid  diftering  from  that  of 
ciuic  acid  by  containing  a  equivalents  more  of  oxygen  i — 

Malic  acid    .  -  2  HO,  CJI^O^ 
Succinic  acid  =  2  IIO,  CgH^Og, 

3-   Subsiittttion. — The  formation  of  compounds   by  displace- 
ment or  substitution,  is  one  of  the   most  important  metliods  of 
research  at  the  dis]iosal  of  the  chemist.      The  ordinary  method  of  j 
preparing  insoluble  inorganic  compounds  by  double  decomposition, 
is  simply  a  case  of  the  substitution  of  one  base  or  acid  for  another  : 
when  solutions  such  as  those  of  carbonate  of  potash  and  nitrate  of 
baryta  are  mingled,  the  barium   is  e^icliaiiged   fur  potassium,  and 
reciprocally    potassium   for    barium ;    KO,  CO3  +  BaO^   NO5  =  1 
KO,  NO-  +  BaO,  CO^.     This   species  of  substitution    is  also  a 
familiar  operation  amongst  the  compoimds  of  organic  chemistry;  for 
the  chemist  has  learned  to  displace  various  elementary  substances  I 
by  compoimd  groups,   as   when    by  the   mutual   action   of  hydro- ' 
cyanic  acid  and  red  oxide   of  mercury,   cyanide   of  mercury  and 
water  are  produced;  HCy  4-  iIgO  =  UgCy  +  110:  the  liydrogen  and  j 
the  mercury,  beiug   mutually  substituted  the  one  for   the   other; 
whilst  the  group  Cy  (  =  C^N),  takes  the  place  of  the  oxygen  in  the 
oxide  of  mercury.     Substitutions  of  groups  of  greater  complication  i 
than  these  are  also  readily  effected,    and  it  is  even    possible  in 
some  instances  to  produce  a  true  organic  compound  from  inorganic 
elements  (920). 

Few  instances  of  aubatitution  are  more  remarkable  than  those! 
by  whicfi   ammonia  may  be    *7onvcrted    into  a   complex   organic  | 
base  : — when  bromide  of  ethyl,  for  example,  is  mLxcd  with  a  solu- 
tion of  ammonia  in  alcohol,  placed  in   a  sealed   tube   and  heated 
for   a  few  hours   to    212°,  a  reaction    occurs,   in    eorisequence   ofj 
wliich,  as  the  mixture  cools,  crystals  of  hydrobroniate  of  ethylia  ] 
(CjH^N,    HBr)  are  produced;  and  if  tliis  compound  be  distilled  I 
\nth  iivflrate  of  pottish,  bromide  of  potassium,  water,  and  a  new 
base,  ethylia,  (C^II-N)  will  be  formed. 
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Now^  since    ammonia  may  be  represented    as  consisting  of 

H  -N ;  ethylia  may  in  like  maimer  be  viewed  as  =  II  N, 
HJ  H  J 

or  as  ammonia  in  which  i  equivalent  of  hydrogen  has  been  dis- 
placed  by  C4H5,  or  i  equivalent  of  ethyl.  The  substitution  will  be 
understood  from  the  following  equations  : — 

Bromide  of  Ethyl.  HydrobronuUe  of  Ethrlia. 

CJI^r  +  H3N  =  CVI5.  HjN,  IlBr;    and 

Hjdrobromato  of  Ethyli*.  Et  hyli*. 

C^Hj,  H,N,  IIBr  -f  KO,  110  =  cjlg,  H^,  +  KBr  +  2  HO. 
Again^  if  bromide  of  ethyl  be  heated  similarly  with  this  new 
base,  a  second  equivalent  of  hydrogen  may  be  displaced^  and  a 
hydrobromate  of  a  second  more  complicated  base^  diethylia^ 
(CgH|iN)  will  be  obtained ;  and  from  this  hydrobromate  the  pure 
base  is  liberated  by  distillation  with  potash.  In  diethylia  two 
equivalents  of  hydrc^en  are  displaced  by  ethyl : — 

Thus,  diethylia,  CJInN,  =  \  C^Hj  \  N ; 

and,  ftgain,  if  bromide  of  ethyl  be  made  to  act  upon  diethylia,  the 
third  equivalent  of  hydrogen  is  displaced,  and  triethylia  (CiallijN) 
in  combination  with  hydrobromic  acid  is  produced;  and  thus  a 

complex  ammonia   C4H5  -N,  is  built  up  step  by  step  by  the  succes- 

sive  removal  of  hydrogen,  and  the  substitution  of  a  corresponding 
number  of  equivalents  of  ethyl.  Many  cases  of  the  same  nature 
will  be  exhibited  when  the  artificial  formation  of  organic  bases 
comes  under  tlie  notice  of  the  reader  (1027). 

(919)  Substitution  of  Chlorine  and  its  analogues  for  Hydrogen. 
— Other  remarkable  species  of  compounds  which  arc  obtained 
by  substitution^  are  those  in  which  a  portion  of  the  hydrogen  of 
the  original  body  is  displaced  by  chlorine.  When  a  current  of 
dry  chlorine  gas  is  passed  through  ccrtahi  organic  liquids  containing 
hydrogen,  the  chlorine  is  rapidly  absorl>ed,  cs])ecially  if  the  action 
be  aided  by  exposure  to  light  or  to  the  direct  rays  of  the  sun ;  the 
organic  compound  undergoes  decomposition,  abundance  of  hydro- 
chloric acid  escapes,  and  a  new  organic  body,  into  the  composi- 
tion of  which  chlorine  enters,  is  formed.  This  decomposition  is 
usually  very  definite  in  its  nature.     In  the  majority  of  cases  the 
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new  product  is  perfectly  analogous  to  the  compound  from  which  it 
is  furnished,  and  contains  the  same  number  of  elementary  atoms^ 
but  a  certain  number  of  equivalents  of  its  hydrc^n  has  been 
displaced  by  a  corresponding  number  of  equivalents  of  chlorine ; 
so  that  for  every  equivalent  of  hydrogen  removed  in  the  form 
of  hydrochloric  acid,  an  equivalent  of  chlorine  has  been  sub- 
stituted. This  very  singular  species  of  substitution  was  originally 
ob8cr\'ed  by  Gay  Lussac  to  take  place  when  wax  is  acted  upon  by 
chlorine ;  and  a  good  example  of  its  occurrence  has  already  been 
considered,  when  engaged  in  tracing  the  conversion  of  Dutch 
liquid  into  sesquichloride  of  carbon  (400).  This  kind  of  substitu- 
tion is  of  frequent  occurrence,  and  some  of  the  most  instructive 
instances  are  aflForded  by  the  action  of  chlorine  upon  ether  and 
upon  other  derivatives  of  alcohol.  For  example,  when  the  vapoiur 
of  hydrochloric  ether  (C4H5CI)  is  subjected  to  the  action  of 
chlorine  in  the  direct  rays  of  the  sun,  the  chlorine  immediately 
begins  to  act  upon  the  ether,  and  the  action  may  then  be  continued 
in  diffused  daylight.  The  experiment  may  be  conducted  in  an  appa- 
ratus similar  to  that  used  in  preparing  Dutch  liquid,  and  shown  in 
fig.  275,  part  ii.  page  630.  In  order  to  supply  the  hydrochloric 
ether,  a  mixture  of  hydrochloric  acid  and  alcohol  is  placed  in  the 
retort  a,  and  warm  water  substituted  for  sulphuric  acid  in  the 
bottle  c.  By  attention  to  a  number  of  precautions,  a  succession 
of  compounds  is  furnished,  in  which  equivalent  for  equivalent  the 
hydrogen  is  displaced  by  chlorine,  until  at  length  the  last  product 
olitaincd  is  sesquichloride  of  carbon.  The  following  table  ex- 
hibits the  successive  steps  of  the  reaction,  and  indicates  some  of 
the  properties  of  the  different  compounds: — 


ITydrochloric  Ether .    . 
Chlorinated  ditto  .    .    . 

Dichlorinated  ditto    .     . 

TricLlorinated  ditto  .    . 

Tetrachlorinated  ditto   . 

Sesquichloride  of  Carbon 


C,H,C1 
C,H,C1> 

CI     i 
C^HjCh 

CL    S 
C^HjCh 

CI,    i 
CJICh 
I     CI,    i 
C,C1,C1 


Boiling  pt. 


147° 
171° 

^15° 
295° 
360° 


8p.gr. 


0874 

ri74 

1*372 

I  530 
1-644 

2*4 


Dent.  Tap. 


2*310 

3-478 

4*530 
6*799 
<5-976 
815 


The  density  of  these  compounds^  both  in  the  state  of  liquid  and  of 
vapour,  increases  as  the  quantity  of  chlorine  increases  ;  the  volume 
of  1  equivalent  of  vapour  is  the  same  for  all,  and  it  occupies  a  space 
equal  to  4  times  that  of  an  equivalent  of  oxygen.  It  will  also  be 
seen  that  the   boiling   point  rises  as   the    quantii:v  nf  ii^Qrine 
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increases.  An  equivalent  of  each  of  these  bodies  contains  the 
same  number  of  elementary  atoms,  which  appear  to  be  grouped  in 
the  same  order  in  each  compound.  The  chlorine  appears  to  have 
taken  the  place  of  hydrogen  in  the  group  without  disturbing  the 
relative  position  of  the  other  elements  which  enter  into  its  forma- 
tion, just  as  a  brick  in  an  edifice  may  be  conceived  to  admit  of  being 
removed  whilst  its  place  is  sujiplied  by  a  block  of  wood  or  of  stone 
without  altering  the  form  or  symmetry  of  the  building. 

A  striking  proof  of  the  persistence  of  the  molecular  arrange- 
ment of  the  compound,  and  of  the  preservation  of  the  relative 
collocation  of  its  component  particles,  is  afforded  when  two  parallel 
series  of  isomeric  substitution  comi)Oiuids  are  compared  with  each 
other.  Such  a  parallel  is  afforded  by  the  chlorinated  compounds 
derived  from  hydrochloric  ether  and  from  Dutch  liquid. 

It  has  already  been  explained  (400),  that  when  equal  volumes 
of  gaseous  chlorine  and  defiant  gas  are  mixed  together,  they  gra- 
dually enter  into  combination,  and  form  the  oily  fragrant  body 
known  as  Dutch  liquid  (C^H^Clj) :  and  further,  that  when  this 
liquid  is  submitted  to  the  action  of  chlorine  in  excess,  a  series  of 
compounds  is  obtained  from  it,  in  which  each  equivalent  of  hydro- 
gen in  succession  is  displaced  by  chlorine.  Now  it  will  be  found, 
on  comparing  these  bodies  with  those  furnished  by  acting  u^ion 
hydrochloric  ether,  that  a  certain  numljcr  of  them  are  mctamcric 
in  pairs,  although  the  two  members  of  each  pair  ])orscss  very  dif- 
ferent properties,  as  may  be  seen  by  examining  the  following  table, 
where  the  metameric  pairs  are  placed  side  by  side  : — 


Boiling 
Point. 

Spvcillc  Oranlj. 
Liquid,          Gnsvotl*. 

Dutch  Liquid 

Monoclilorinatcd  Hydrochlo-  ) 
ric  Ether ] 

Monochlorinated  Dutch  Liquid 
Dichlorinated  IICI  Ether     .     . 

C.H^Cl,  HCI 
C\H,C1,  CI 

184° 

•47° 

rj8o  \ 
1174) 

3478 

4*613 
4530 

5767 

5*799 

CJI3CI,.  HCI 
C^HjCl,.  CI 

CJICl,,  HCi 
C,H,C1,.C1 

339° 
17.° 

a  15° 

1-433  ) 
1373  J 

_ 
1*576   ) 

Dichlorinated  Dutch  Liquid     . 
Trichlorinated  HCi  Ether.   .     . 

Trichlorinat^d  Dutch  Liquid    . 
Tetrachlorinated  HCI  Ether    . 

C.Cl,.  HCI 
C.HCI,.  CI 

307°, 

1-663   ) 
1-644) 

6.975 

Sesquichloride  of  Carbon      .     . 
Sesquichloride  of  Carbon      .     . 

c,ci:,cy?)    ,(3.6 

Solid.     I 
240     J 

8*157 

An  equivalent  of  each  of  these  compounds  in  the    gaseous  state 
occupies  four  volumes  of  vapour;  consequently  the    densities  of 


IS 
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i«u'U  inoiiiri*ic  pair  ia  this  condition  nearly  coincide;  indeed  it  is  a 
iiiH «N.H(ii V  cHiiulition,  that  equal  weights  of  all  metameric  bodies 
V 14  111  ii\\n%\  volumes  of  vapour,  and  therefore,  allowing  for  errors  of 
r.jkjH'niiHiit,  iiu!tainerides  must  always  coincide  in  density  in  the 
j/M-MMHiw  ntutc :  but  in  the  liquid  form,  the  densities  of  the  com- 
|MiiMiii«  of  c»«b  pair  are  widely  different,  and  the  temperatures  at 
wliH-h  rbry  UmI  are  also  different.  There  is  likewise  a  marked  dif- 
l^r«iif-«-  in  i\unr  chemical  properties,  and  in  the  mode  of  their 
tU4-4*iu\9tt^iiion.  Tlie  following  are  some  of  the  points  of  diffcr- 
♦wir^'  TbiT  substitution  compounds  derived  from  hydrochloric 
<  fhi  r  >»r#^  wmrcirly  affected  even  when  boiled  with  an  alcoholic 
**rltifi/»ri  4ff  (K^taiih,  or  with  one  of  hydrosulphate  of  potassium 
'KS,  UH)  i  Mul  |K>taAsium  may  remain  in  them  at  ordinary  tem- 
jrf  fifhif#'*  witliout  U^iiig  acted  upon.  On  the  other  hand,  when 
^hr  t^tmifffuudn  di;rived  from  Dutch  liquid  are  treated  with  an 
nl/vrK/»l»/^  f^flniujtt  f>f  f)otash,  they  are  rapidly  decomposed,  chloride 
(4  j»^/t*M*iiiro  *r»rf  water  are  formed,  and  a  new  substance,  consi- 
/)/'frtM/  rr^/^A  r/#liitiJc   than  the  original  chlorinated  compound,  is 

It  t"»*  iA<jftn4. 

^,H/;^  UCA  +   KO,  HO  =  C^H,C1  +  KCl  +  a  HO. 


A/  »hA  »Mi^¥*,  f4  tif^fim  '/f  V*fUmh. 


{;*    (;i„  HCl 


New 
Compoands, 


yields 


C^H.Cl 
C,H,C1, 
C,H  CI, 
C,     CI, 


Boiliiur 
•F. 


95° 


Liqmd. 


1-250 
1*619 


it  <«f.  f*\ntUhUhWtUiiUfU  of  hydrosulphate  of  potassium  be  employed 
*M-»M  r./»  ht  rt»^  »»y/lf*f<#'^l  ftlkali,  various  sulphuretted  compounds  are 
fffiff\ufff\t  tiiffi  Ihf^  rfhloriiittt4!d  derivatives  of  Dutch  liquid  are 
^ihU'hi)^  tiH^fWtifff^^i  ^fjf  |K;tiissium. 

M/*v  tl  U  hUiioun  iUni  thu  original  difference  of  molecular 
l</^M|nMK  M  (rN^ifW^I  UiroiiKhout,  both  in  the  series  of  Dutch 
iirfMiil  MM/I  hi  flf«f  of  bydnKjbloric  ether,  so  that  the  chemist  is 
M.H'.,  M-i  If  WHh,  Nmiii$^4\  Ut  (\imud  these  compounds  by  the  agency 
.J  f  l.l'if  iMh  ,  »ui\  U  >«  n/rf.  until  the  last  equivalent  of  hydrogen  is 
r  inc.  Ml  JIihI  Mm*  iMolN<Ml»4r  arrangement  breaks  down;  both  groups 
hi  II.hI  MiM.  ^|(.|ilMt|j  Mil*  Miiw  romix^und— viz.,  the  sesquichloride 

,)      '    Ml   ll  HI 

II.  ill..invf>iv  llml  tl*^  siilmtitution  of  chlorine  for  hydrogen 
,,.. .  ,.i.,:.ii|..»hlt..  H^  nr4  «»h<»IUhI  ilio  greatest  astonishment  amongst 
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sts,  since  owing  to  the  powerful  affinities  of  chlorine^  particu- 
larly when  its  electrical  opposition  to  hydrogen  is  borne  in  mind,  the 
possibility  of  such  an  occurrence  was  never  su8i)ected.  Tlie  dis- 
placement of  oxygen  by  chlorine  was  familiar  to  the  mind  of  the 
ehemist^  but  the  displacement  of  hydrogen  by  chlorine  was  a  fact 
in  opposition  to  the  doctrines  of  affinity  then  prevalent.  The  dis- 
covery of  this  remarkable  fact  has  led  to  the  production  by  sub- 
stitution of  an  immense  number  of  analogous  com()ounds  in  other 
groups  of  organic  bodies.  The  new  products  so  obtained^  liow- 
ever^  are  in  general  possessed  of  but  little  intrinsic  interest. 
The  importance  of  accurately  studying  the  steps  by  which 
these  substitutions  are  eflectcd,  can,  however,  be  scarcely  over- 
estimated, owing  to  the  light  which  they  frequently  throw  upon 
the  views  of  the  composition  of  oi^anic  compounds,  and  of  their 
relations  to  others  where  no  obvious  connexion  had  been  pre 
viously  traced. 

It  seldom  happens  that  the  process  of  substitution  can  be 
followed  through  its  successive  stages  so  completely  as  in  the  case 
of  hydrochloric  ether  or  of  Dutch  liquid  ;  the  products  of  the  o])cra- 
tion  are  mingled  with  each  other,  and  often  cannot  be  satisfactorily 
separated.  The  first  equivalents  of  hydrogen  arc  separated  more 
readily  than  the  others,  and  frequently  the  last  equivalent  is 
removed  with  great  difficulty.  It  is  often  necessary  at  first  to 
moderate  the  action  by  cooling  the  liciuid  artificially,  and  by 
placing  it  either  in  obscurity  or  only  in  the  difi'used  light  of  day ; 
whilst  to  complete  the  displacement  of  the  last  portions,  the 
strongest  sunlight,  aided  by  a  temperature  of  ebullition,  is  fre- 
quently re([uisite.  Substitutions  of  bromine  and  iodine  for  hydro- 
gen may  also  be  effijcted  by  analogous  methods,  although,  owing 
to  the  feebler  affinities  of  these  elements,  the  reactions  take  place 
with  less  vehemence. 

In  other  instances  peroxide  of  nitrogen  may  be  substituted  for 

hydrogen,  as  when  benzole,  C^2^1q,  is  acted  upon  by  nitric  acid,  and 

C.II-    ) 
is  converted  into  nitro-benzolc     ^^^r^i-w  r  whilst    water    is   formed. 

Each  equivalent  of  nitric  acid  in  these  cases  loses  i  equivalent  of 
oxygen,  which  combines  with  an  equivalent  of  hydrogen,  whilst  an 
equivalent  of  peroxide  of  nitrogen  takes  the  place  of  the  latter : 
thus, 

Bens«)le.  Nitro-benaBole. 

N05  = 


no. 

PAKT    III.  ■ 
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(920)  Sijnthetic  production  of  Orffanic  Compounds, — A  com- 

bination  of  the  operations  of  direct  chemical  action  with  tliose  of 
guhstitution,  enables  the  chemist  in  some  instances  to  build  up  a 
truly  organic  compound  from  inorganic  materials.  This  is  well 
cxemplitied  in  the  artificial  production  of  acetic  acid  in  the  manner 
first  pointed  out  by  L>r.  Kolbe  {Liebiti^'s  AnnaL  li\^*  i8(5): — When 
carbon  is  heated  to  bright  redness  in  the  vapour  of  sulphur, 
combination  between  the  two  elements  takes  place,  and  bi- 
sulpliide  of  carbon,  CS^  (or  C^SJ,  takes  place.  When  bi- 
sulphide of  carbon  is  treated  with  aqua  regia,  a  white  volatile 
crystalline  com  pound  is  obtained,  which  i»  insoluble  in  water, 
but  soluble  in  alcohol  and  in  ether :  it  melts  at  275^,  and  at 
338°  it  enters  into  ebullition :  it  has  a  peculiar  odour  which 
brings  tears  into  the  eyes,  and  its  vapoiu"  has  a  ep.  gr.  of  7'43- 
This  substance  has  the  composition  representetl  by  the  foruuila 
C^Cl^SPg  [  =  4(CCl2S02)],  and  is  termed  by  Kolbe  sulphite 
of  perchioride  of  carbon.  When  this  compound  is  transmitted  in 
vapour  through  a  tube  at  a  dull  red  heat,  it  is  decomposed  into 
the  ]i([uid  protochloride  of  carbon  (C^CIJ,  sidplmrous  acid,  and 
free  chloriiie : — 

(c,ci,s  A)  =  c,cu  +  4  ci  +  4  SO2. 

Now  if  the  protochloride  of  carbon  be  placed  beneath  a  layer  of 
water,  and  exposed  in  a  large  vessel  filled  with  chlorine  gasj  to  the 
sun^a  rays,  sesquichloride  of  carbon  (C^Clg)  is  formed  abundantly, 
and  at  the  same  time  an  acid  solution  is  obtained  which,  after  satu- 
ration with  lime  or  with  some  other  base,  is  fomid  to  contain  a 
chlonde  and  a  chloracetate  of  the  base  ;  if  lime  be  used,  the  formula 
of  the  salt  is  (CaO^  C^Cl^Oa).  The  following  equation  will  give  an^J 
idea  of  the  mode  in  wbicli  this  compound  might  be  formed ;  ^C^^^ 
Koll>e  attributes  its  production  to  the  reaction  of  water  upon  sesqui- 
chloride of  carimn  at  the  moment  of  its  formation  ; — 

C^CIq       +      4  HO      =      110,  C4CI3O3      +      3  HCl 

Now  if  chloracctic  acid  be  treated  with  an  excess  of  potassium 
in  the  form  of  an   amalgam,  the   chlorine   is   entirely  withdrawn 
from   this  compound,  and  its  place  is  supplied  by  hydi'oge 
other  words,  it  is  converted  into  acetic  acid : — 


CUorwHiiitf  A«iid. 


Ac«tiit«  of  PotjMb. 


HO,  c,ci,o,  +  6  K  -f  4  no  =  Ko.  c,n,o,  -|-  3  eci  +  2  (e:o,ho)j 

Thus  a  complex   organic  acid  is  obtamed  from  inorganic  mate4 
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teriala: — ^the  saccesBive  steps  of  the  operation  being  i.  bisulphide 
of  carbon;  2.  sulphite  of  perchloride  of  carbon;  3.  protochloride  of 
carbon ;  4.  chloracetic  acid ;  and  5.  acetic  acid. 

The  earliest  and  one  of  the  most  remarkable  instances  of  the 
synthetic  formation  of  an  organic  compound  was  afforded  in  the 
case  of  urea,  which  Wohler  discovered  might  be  artificially  obtained 
by  the  action  of  cyanic  acid  on  ammonia ;  for  on  attempting  to 
evaporate  a  solution  of  cyanatc  of  ammonia^  this  salt  undergoes  an 
isomeric  transformation,  and  yields  urea : — 

Cjan»te  of  Aminoni*.  Urea. 

Berthelot  has  recently  succeeded  in  obtaining  formic  acid  syn- 
thetically by  combining  carbonic  oxide  with  hydrate  of  potash ; 

Fitrmiate  of  Potash. 

C,0,  +  KO,  HO  =  KO,  CallO,! 

Strecker  has  likewise  succeeded  in  obtaining  taurin  by  synthesis, 
and  there  can  be  no  doubt  that  as  researches  in  this  direction  are 
multiplied,  new  methods  of  preparing  bodies  an  yet  obtainable  only 
from  the  products  of  the  living  plant  or  animal,  will  be  devised. 


CHAPTER   II. 

THE    SACCHARINE     OR    AMYLACEOUS     GROUP. VARIETIES    OP 

FERMENTATION. 

(921)  The  compounds  which  belong  to  the  group  to  which 
the  following  chapter  is  devoted,  arc  among  the  most  important 
and  abundant  constituents  of  plants.  One  of  the  most  remark- 
able features  of  their  chemical  composition  is  the  circumstance 
that  they  all  contain  oxygen  and  hydrogen  exactly  in  the  pro- 
portion requisite  to  form  water,  and  hence  they  have  by  some 
writers  been  spoken  of  as  hydrates  of  carbon.  This  term,  however,  is 
by  no  means  intended  to  signify  that  all  the  hydrogen  and  oxygen 
exist  in  them  united  in  the  form  of  water,  but  merely  to  indicate 
that  the  proportion  of  their  components  is  such  as  might  admit 
of  their  elements  being  so  arranged.  Owing  to  this  peculiarity  of 
composition,  many  of  these  bodies  admit  of  being  readily  trans- 
formed one  into  the  other  by  the  addition  or  abstraction  of  the 
elements  of  water,  and  several  of  them  are  especially  prone  to 
undergo  the  changes  produced  by  fermentations  of  various  kinds. 

£  2 
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When  submitted  to  oxidation  by  the  action  of  nitric  acid,  most  of 
them  yield  oxalic  acid ;  and  under  the  influence  of  a  mixture  of 
concentrated  nitric  and  sulphuric  acids,  substitution  compounds 
are  obtained,  in  which  a  portion  of  their  hydrogen  is  displaced  by 
peroxide  of  nitrogen.  The  most  remarkable  of  these  substitution 
compounds  is  pyroxylin  (gun-cotton),  the  peculiar  inflammability 
and  explosive  character  of  which  .is  well  known ;  but  all  of  the 
nitrous  substitution  products  of  this  class  partake  more  or  less  of 
the  inflammable  and  explosive  properties  which  are  so  signally 
exhibited  by  pyroxylin. 

In  th&  present  chapter  the  compounds  mentioned  in  the 
following  table  will  be  described;  in  a  few  of  the  substances 
enumerated  in  the  lower  part  of  the  table,  the  proportion  of 
oxygen  and  hydrogen  in  them  difiers  from  that  of  the  sugars  and 
starches. 


Amylaceous  and  saccharine  group. 


Cane  sugar  (sucrose) 

Fruit  sugar  (fructose) 

Starch  sugar  (glucose) 

Milk  sugar  (lactose) 

Mclitose 

Eucalyn 

Sorbin 

Inosite 

Starch 

Dextrin 

Inulin 

Gum  (arabin) 

Cellulose 


Mannite 

Dulcose 

Quercite 

Pectin 

Glycyrrhizin 


C22H11O11 
C12H12O12 

^24^19019, 

^12^12^12^ 
C12H12O12 

^12  "12^12* 
C12H10O20 
C22H10O1Q 
C24H21O21 
C12H11O11 

CseHsoOao 


a  Aq 
5Aq 
4Aq 
2  Aq 

4Aq 


CeHA 
CigHi^Oia 
C12H12O1Q 
Cg^H^oOge,  8  Aq 
C3eH220i2,  aAq 


Certain  only  of  these  substances  are  soluble  in  cold  water,  viz., 
the  sugars  and  the  gums.  Others,  like  starch,  become  dissolved 
in  water  by  the  aid  of  heat,  or  rather  become  diffused  through  the 
liquid,  though  the  solution  is  of  a  very  imperfect  character;  whilst 
a  third  variety,  cellulose  or  ligneous  fibre,  is  quite  insoluble  in 
watcr^  whether  hot  or  cold. 
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§  I.  The  Sugars. 

(922)  Four  principal  varieties  of  sugar  are  known  to  the 
chemist.  The  most  important  of  these  is  the  common  sugar^ 
furnished  by  the  sugar  cane,  hence  termed  cane  sugar.  The 
second  is  that  to  which  most  acidulous  fruits  owe  their  sweet- 
ness ;  it  forms  a  syrupy  liquid  which  does  not  crystallize,  and 
which  is  abundant  in  treacle  :  it  is  often  termed  fruii  sugar. 
The  third  variety  is  frequently  formed  from  the  second;  it 
constitutes  the  hard  granular  sweet  masses  which  are  common 
in  old  dried  fruits,  such  as  raisins,  figs,  &c. :  it  is  known  as  grape 
or  starch  sugar,  the  latter  name  being  derived  from  a  method  of 
preparing  it  artificially  by  boiling  starch  with  a  dilute  acid.  The 
fourth  variety  is  that  to  which  milk  owes  its  sweetness  :  it  has 
never  been  met  with  excepting  in  the  milk  of  animals,  and  hence 
it  is  termed  milk  sugar. 

These  different  varieties  of  sugar  agree  in  possessing  a  power- 
fully sweet  taste.  Each^  when  piure,  has  always  a  definite  degree  of 
sweetness,  but  there  are  great  differences  in  the  relative  sweetness 
of  the  different  varieties.  A  i)ound  of  cane  sugar,  for  example, 
will  produce  a  greater  sweetening  effect  than  a  pound  of  fruit 
sugar;  and  at  least  two  pounds  and  a  half  of  starch  sugar 
are  required  to  produce  a  sweetening  effect  equal  to  that  of  one 
pound  of  the  cane  sugar ;  while  a  given  weight  of  the  sugar  from 
milk  possesses  less  sweetening  power  than  an  equal  quantity  of 
starch  sugar. 

These  varieties  of  sugar  differ  greatly  in  external  appearance 
as  well  as  in  chemical  characters ;  and  they  also  differ  in  chemical 
composition.  If  quantities  of  the  different  kinds  of  sugar  which 
contain  equal  amounts  of  carbon  be  compared  together,  it  will  be 
found  that  they  differ  in  the  proportion  in  which  the  elements  of 
water  are  present.  Comparing  together  quantities  of  sugar  which 
contain  12  equivalents  of  carbon,  the  proportion  of  water  in  each 
variety  will  be  as  follows : — 


Cane  Suffar     .    . 
Fruit  Supjar     .     . 
btarch  Su^ar  .     . 
Milk  Suirar     .     . 
Ditto  dried      .     . 

Carbon. 

Water. 

C,.>H„Oii                     72 

c;;jiX       1     ]2 

C,2  lyVaaq.    -          73 

c^Hl.o;,             72 

99 
108 
126 

io8 
^5*5 

There  arc   few  plants  from   which  sugar  is   absent,  and  to 
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wbiohj  at  some  period  of  their  growth  it  does  not  form  an  im- 
portant article  of  nutriment. 

(923)  I.  Cane  Sugar  or  Sucrose  (C^HjiOn)- — This  variety  of 
sugar  i«  chiefly  ohtaincd  from  the  i^iigar  cane  ;  but  the  sugar 
maple  and  the  beetroot  furnish  a  considerable  cjuantity  for  the 
market;  it  is  also  contained  in  carrots  aiMl  tuniips^  as  well  as  in 
the  pumpkin,  the  chestnut^  the  yomig  shoots  of  the  maize,  and  in 
a  large  number  of  tropical  fruits. 

Properties. — Cane  sugar  has  a  sp.  gr.  of  v6.  It  is  soluble  in 
a1)out  one-tliird  of  its  weight  of  cold  water,  producing  the  tbick, 
vincid  liquid  kuown  a&  syrup.  It  is  uIho  someivhat  soluble  in 
alcohoh  especially  when  heated  with  this  liquid.  By  the  spontaneous 
evaporation  of  its  aqueous  solutiou,  it  is  deposited  in  large  four- 
sided  rbotidjoidal  prisms,  terminated  by  dihedral  snminits  :  these 
crystals  constitute  sugar  candy,  which  is  colourless  or  brown 
according  as  the  syrup  employed  is  more  or  less  free  from  colour, 
Ordirmry  ioaf  sugar  consists  of  a  congeries  of  niiuute  transparent 
crystals^  and  the  dazzling  whiteness  of  the  purest  specimens  is  pro- 
duced by  the  numerous  rctloctious  and  refractions  which  the  rays 
of  liglit  experience  within  the  mass,  from  the  numberless  crystals 
of  wlucli  it  is  composed.  When  two  pieces  of  loaf  sugar  are 
rubbed  together,  a  pale  violet  phosphorescent  light  is  emitted. 

If  a  solution  of  sugar  be  boded  it  becomes  sour,  gradually 
becoming  less  viscid,  and  irrecoverably  lo^^ing  its  property  of  crys- 
tallizing :  this  change  is  attended  by  the  assimilation  of  an  addi- 
tional quantity  of  the  elements  of  water,  and  the  simultaneous 
and  conseqtient  formation  of  the  uncrystallizable  fruit  sugar 
(CijHi^OiJ.  This  prejurlicial  alteration  is  et!ccted  stUl  more 
rapidly  by  tlic  addition  to  the  sngar  of  one-twentieth  of  its  weight 
of  oxalic,  citric,  malic,  or  any  of  the  stronger  acids.  If  the  solu- 
tion be  kept  boiling  *for  some  hours,  the  change  proceeds  still 
fnrtlicr,  two  adflitional  equivalents  of  water  being  assimilated  by 
the  fruit  sugar,  which  thus  becomes  converted  into  grape  sugar 
(C^^f^uOii) '  ^^d  at  tlie  same  time  a  certain  quantity  of  formic 
acid,  and  of  a  brown  sparingly  soluble  substance  termed  nimin,  are 
produced.  Smaller  quantities  of  the  acids  produce  similar  effects, 
but  to  an  extent  propoitioned  to  the  degree  of  acidity.  It  is  to 
prevent  these  injurious  changes  that  a  small  amount  of  lime  is 
always  added  to  the  cane  jnice  immediately  after  its  expression 
from  the  plant,  and  before  it  is  heated.  The  crystallization  of 
sugar  is  also  prevented   by  the  presence  of  3  or  3  per  cent,  of 
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many  salts^  such  aa  common  salt  or  chloride  of  calcium ;  these 
salts  appear  to  form  definite  but  deliquescent  compounds  with 
cane  sugar.  According  to  M.  Peligot,  the  compound  with  chloride 
of  sodium  contains  (NaCl,  HO,  CijH^Oe  -f  CiaHnOii). 

The  uses  of  sugar  as  an  article  of  food  are  well  known.  Alone, 
it  is  insufficient  for  the  support  of  life ;  but  when  mixed  with  other 
suitable  food  it  has  a  fattening  tendency,  which  however  is  not 
greater  than  that  of  a  corresponding  weight  of  starch  (Lawes 
and  Gilbert,  Brii.  Assoc.  Report,  1854,  p.  417).  Sugar  is  largely 
used  as  an  antiseptic,  in  syrups  and  preserves.  If  dusted  abundantly 
over  meat,  fruit,  or  fermentable  matters,  it  prevents  the  usual 
process  of  decay  from  occurring,  provided  that  the  substances  to 
be  preserved  are  at  the  same  time  tolerably  well  excluded  from 
the  air. 

(924)  Action  of  Bases  on  Sugar. — Sugar  has  the  property  of 
dissohing  many  metallic  oxides  when  its  solution  is  boiled  with 
them : — for  example,  freslily  precipitated  oxide  of  lead  is  taken  up 
by  it  in  considerable  quantity  ;  and,  on  cooling,  a  white  powder  con- 
sisting of  2  PbO,  CiaHjoOjo,  is  deposited;  this  if  dried  at  aia®, 
loses  an  equivalent  of  water,  and  becomes  2  PbO,  C12II9O9.  Lime 
is  also,  in  like  manner,  dissolved  by  syrup  to  a  large  extent ;  the 
compound  (CaO,  CijUnOu)  has  a  bitterish  taste,  and  is  very  soluble 
in  cold  water.  Its  solution,  however,  if  tolerably  concentrated, 
becomes  opaque  when  heated,  and  presents  an  appearance  of  coagu- 
lation^ resembling  that  of  white  of  c^^  :  it  is  deposited  by  boiling, 
and  may  even  be  washed  with  boiling  water,  though  it  is  readily 
redissolved  on  cooling.  An  analogous  compound  may  be  formed 
with  baryta.  The  compounds  produced  with  other  bases  are 
sparingly  soluble  in  water,  but  are  readily  taken  up  by  alkaline 
liquids.  This  fact  explains  an  olwervation  that  the  presence 
of  sugar  prevents  the  precipitation  by  alkalies,  of  many  metallic 
oxides  from  their  salts,  the  oxides  of  copper  and  of  iron  being 
amongst  the  number  thus  retained  in  solution.  Many  metallic 
oxides  experience  reduction,  either  partial  or  complete,  when  boiled 
with  sugar ;  if  the  chromatcs,  for  instance,  be  mingled  with  a  little 
free  acid,  and  heated  with  solution  of  sugar,  the  chromic  acid  is 
reduced  to  the  sesquioxide  of  chrome,  which  is  dissolved  by  the 
excess  of  acid,  whilst  the  liquid  becomes  green.  Salts  of  the  red 
oxide  of  mercury  are  converted  into  those  of  the  suboxide,  and 
salts  of  gold  give  a  precipitate  of  the  reduced  metal  in  fine  powder. 
This  reducing  action  is  also  i>ossessed,  though  to  a  less  extent,  by 
other  compounds  analogous  to  sugar.  ^ 
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If  sugar  be  mixed  with  eiglit  times  its  weight  of  qtiiek-lime, 
and  distilled  in  an  earthenware  retort,  it  is  decomposed^  and  a 
mixture  of  acetone  (C^II^.O;,),  and  metucetone  (C,jH^,0),  ai*e  amount 

e  products  of  distillation.  The  latter  is  an  oily  liquid;,  which 
Sloes  not  mix  with  water,  but  is  soluble  in  alcohol  and  iu  ether ;  by 
witshiiig  the  distilled  liquid  witli  water,  the  acetone  may,  therefore, 
be  removed,  whilst  the  metaeetone  is  left.  Metacctone  boils  at 
183*^  F,  (Freiny).      When  treated  with  a  mixture  of  bichromate  of 

tash  and  sulphuric  acid  it  undergoes  oxidation,  and  is  converted 
into  propionic  acid  (HO,  C,;H-Oj).  If  sugar  be  treated  with  three 
times  its  weight  of  hydrate  of  potash,  instead  of  w^ith  quick-lime, 
propionic  acid,  mixed  with  formic  and  acetic  aeids,  is  formed,  and 
the  three  acids  enter  into  combination  with  the  potash* 

(925)  Other  modes  of  decomjMmlioti  of  S//yar.~Conceutrated 
snlphuric  acid  rapidly  chars  and  destroys  cane  sugar.  If  equal 
volumes  of  strong  syrup  aud  oil  of  vitriol  be  mixed,  mnch  beat  is 
evolved,  the  mass  froths  np  and  emits  carbonic  aud  formic  acids, 
whilst  a  l)iack  carbonaceous  residnc  is  left  A  similar  blackening 
efTect  is  produced  by  some  of  the  metallic  chlorides  ;  Maumene 
has  proposed  to  take  advantage  of  this  for  the  purpose  of  discover- 
ing small  quantities  of  sugar  when  in  solution : — Strips  of  white 
merino  are  to  be  dipped  into  a  solution  of  bichloride  of  tin  in  an 
equal  quantity  of  water,  and  dried  at  212°:  if  a  drop  of  any 
liquid  containing  sugar  be  placed  on  a  slip  so  prepared,  and  gently 
heated,  a  brosvn  or  bla<:k  stain  wnll  be  formed  :  this  test  is  also 
applicable  to  the  sugar  of  fruits  and  of  starch.  Dry  cldorine  hke- 
wisc  attacks  sugar  at  a  temperature  of  212*^,  aud  produces  a  simitar 
brown  substance,  whieh  is  only  partially  soluble  in  water.  Nitric 
acid,  of  sp.  gr.  of  1*25,  converts  sugar  into  saccharic  acid  (934), 
with  evolution  of  carbonic  acid ;  but  if  the  nitric  acid  be  more 
concentrated,  oxalic  aeid  is  formed. 

Cane  sugar  undergoes  an  imjiortant  change  under  the  iutlncnce 
of  the  yeast  of  beer,  which  causes  it  to  experience  the  alcoholic  fer- 
mentation ;  it  becomes  converted  first  into  fruit  sugar,  and  then 
into  carbonic  acid  and  alcohol  {955}.  In  contact  with  putrefying 
casein  and  chalk,  lactic  fermentation  is  induced  in  sugar,  the  pro- 
duct being  lactic  acid  {959)  ;  nuder  other  cireum stances,  not  as 
yet  thoroughly  investigated,  sugar  undergoes  the  viscous  fermen- 
tation, and  becomes  changed  into  a  mucilaginous  substance,  and 
into  manuitc  (9^5), 

(926)  Action  of  Heat  on  Sugar. — At  a  temperature  of  abont 
320°,F.,  sugar  uudcrgoeti  fusion,  and  on  cooling,  forms  the  traua- 
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parent,  amber-coloured  solid,  sold  by  the  confectioners  as  barley 
suffor.  If  long  kept  in  this  form  it  loses  its  transparency,  and 
gradually  becomes  crystallized.  This  change  may  be  retarded,  but 
not  altogether  prevented,  by  adding  a  small  proportion  of  vinegar 
to  the  melted  sugar.  This  alteration  in  structure  is  strictly 
analogous  to  that  in  virtue  of  which  the  tough,  transparent  variety 
of  sulphur  assumes  its  crystalline  state.  It  has  been  observed  that  in 
both  these  cases  an  evolution  of  heat  occurs  during  the  passage  of 
the  bodies  from  the  vitreous  to  the  crystalline  condition.  Another 
interesting  point  of  resemblance  between  these  two  phenomena  is 
presented  in  the  remarkable  difference  between  the  melting  points 
both  of  crystallized  and  vitreous  sulphur,  and  of  crystallized  sugar 
and  barley  sugar.  The  latter  becomes  liquefied  between  194°  and 
212°,  while  loaf  sugar  does  not  melt  below  320°. 

A  solution  of  cane  sugar  exerts  a  right-handed  rotation  upon  a 
ray  of  polarized  light  (120) ;  but  sugar  which  has  long  been  kept 
in  a  melted  state,  when  redissolved  in  water  has  lost  its  power  of 
crystallizing,  and  no  longer  exerts  any  rotatory  action  on  the 
polarized  ray.  Soubeiran  has  also  observed  that  when  a  solution 
of  sugar  is  long  exposed  to  an  elevated  temperature,  even  where 
air  is  excluded,  it  undergoes  a  molecular  change ;  the  liquid 
becomes  brown,  and  gradually  acquires  a  left-handed  rotatory 
action  upon  the  ray.  The  simple  boiling  of  cane  sugar  with  water, 
if  long  continued,  gradually  causes  the  sucrose  to  combine  with  the 
elements  of  water,  and  it  thus  becomes  converted  into  starch  sugar. 
This  change  is  effected  much  more  rapidly  in  the  presence  of 
chloride  of  ammonium,  or  of  any  of  the  chlorides  of  the  metals 
of  the  earths,  such  as  chloride  of  calcium. 

If  the  application  of  heat  to  the  melted  sugar  be  continued, 
and  it  be  gradually  raised  to  400°  or  420°,  the  sugar  loses  two 
equivalents  of  water,  and  a  brown  deliquescent  and  nearly  tasteless 
mass  remains,  which  is  known  as  caramel  (C12H0O9).  This  body  is 
often  used  by  cooks  and  confectioners  as  a  colouring  matter. 
Caramel  is  soluble  in  water,  and  is  precipitated  from  its  solution 
as  a  brown  powder,  by  adding  a  large  excess  of  alcohol.  It  differs 
from  sugar  in  not  being  susceptible  of  fermentation.  Caramel 
forms  an  insoluble  compound  Avith  baryta ;  and  if  its  solution  be 
mixed  with  one  of  the  basic  acetate  of  lead,  a  precipitate  is  formed. 
If  sugar  or  caramel  be  heated  beyond  420°,  inflammable  gases 
escape,  and  the  compound  is  completely  decomposed,  leaving  a 
porous  brilliant  mass  of  charcoal. 

(927)  2.  Fruit  Sugar  or  Fructose,  (C12H12O12),  exists  ready 


58 


FBUIT   SUGAR— GRAPE    OR   STARCH    SUGAR. 


formed  in  most  ripe  acidulous  fruits^  which  owe  their  sweetness  to 
this  substance.       It  may  also  be  procured  ai'titicially  from  starch, 
gum,  and  ligneous  fibre,  under  the  iuHuence  of  diluted  sulphuric  i 
acid ;  these  bodies  becomiag  combined  with  an  additional  quantity 
of  water,    by  a  change  resembling  that  just  described  as  taking 
place  when  emie  sugar  is  similarly  treated  ;  by  continued  boiling  of  ^ 
this  acid  liquid  the  sugar  passes  into  the  third  variety,  assimilating  | 
two  additional  equivalents  of  water.      When  its  solution,  after  the 
neutralisiation  of  the  ueid  by  carbonate  of  baryta,  is  evaporated,  the 
grape  sugar  h  obtained  in  the  form  of  crystals.      This  passage  of 
fruit  sugar  into  grape  sugar  sometimes  takes  place  spontaneously, 
as  is  seen   in   the  gradual   crys^tallization  of  the  sugar  in   dried 
fruits.       Fruit  Kugar  is  also   largely  contained   in  honey,  which 
by  long  keeping  undergoes  a  spontaneous  change  into  a  mai^j 
composed  chicdy  of  crystalline  grains  of  starch  sugar. 


(9a8)  3.  Grapk  or  Starch  Suoae;  Glucose^  (CigHiaOi^  2  aq). 

Preparathn. — Starcli  sugar  in  prepared  upon  a  considerable  scale 
by   allowing;   a   ini.xtin*c   of  starch,   with   a  sufficient  quantity   of, 
water  to  render  it  liquid,  to    flow  gradually  at  a  temperature  of 
about    130^,  itito  a  vat  containing  water  acidulated  with  one  perl 
cent   of  nidpburic   acid  j    this  liquor  is    kept  constantly   at  thcj 
boiling  point,  by  wbicli  means  the  starch  is  at  once  altered  so  as! 
not  to  produce  a  rnueihi^^e.      The  liquid,  after  all  the   starch   has 
been  addctl,  u  maintained  in  a  state  of  ebullition  for  about  half  an 
hour,  at  the  cud  of  which  time  the  starch   is  usually  completely 
converted  into  HU^ar.      The  proportion  of  starch  used  amonnts  to 
orie  half  of  the   weight   of  the   water   employed.      The    liquid  is 
drawn  off,  and  the  acid  is  neutralized  by  adding  chalk   iu  small 
quantities  at  a  time*,  until  it  ceases  to  occasion  any  efFervesccncc ; 
tUc  [irecipitate  is  allowed  to  subside^  and  the  clear  solution  is  cou- , 
centrated  by  evaporation  until  it  acquires  a  density  of  l'28.      It 
ih  drawn  off  from  the  deposited  sulphate  of  liniCj  after  which  it  is 
set  aside  for  some  days  to  crystallize.      The  mohisscs  is  allowed  to 
drain  off,  and  the  sugar  is  dried  at  a  gentle  heat  in  a  cmTcnt  ol 
air  (Pelouzc  and  Fremy,  TruHe,  2nd  ed.,  iv,  570). 

The  formula  for  starch  is  Qy^li^^fJ^.^,  and  since  that  of  starcl] 
sugar  is  (CijHiiOiJ,  the  conversion  of  starch  into  sugar  may 
regarded  in  the  light  of  a  mere  combination  of  starch  with  the" 
elements  of  water. 

A  similar  conversion    of  ligneous    fibre    into   siigar  may 
effected  under  the  influence  of  acids,  but  in  this  case  the  acid  is" 
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employed  in  a  more  concentrated  form ;  2  parts  of  clean  linen  or 
calico  cut  into  shreds^  arc  added  gradually  to  3  parts  of  oil  of 
vitriol,  and  allowed  to  stand  for  24  hours.  The  mixture  is  after- 
wards diluted  largely  with  water^  and  boiled  for  a  few  hours.  The 
acid  may  be  neutralized  by  the  addition  of  chalk,  or,  what  is  better, 
of  carbonate  of  baryta,  and  the  sugar  can  then  be  separated  from 
the  insoluble  sulphate  of  lime,  or  sulphate  of  baryta. 

Glucose  appears  to  be  the  form  of  sugar  which  is  occasionally 
met  with  as  a  morbid  constituent  of  the  urine  in  cases  of  diabetes. 
It  has  Ijeen  shown  by  Bernard  to  be  one  of  the  normal  constituents 
of  the  liver,  and  the  same  pliysiologist  has  remarked,  that  by  irri- 
tating with  a  needle  the  fourth  ventricle  of  the  brain  in  a  dog  or 
a  rabbit,  sugar  is  developed  in  the  blood  and  in  the  urine,  after  a 
few  minutes. 

Orape  sugar  is  distinguished  from  cane  sugar  by  several 
characters ;  it  is  considerably  less  soluble  in  water  than  cane  sugar, 
though  it  is  more  readily  taken  up  by  alcohol,  and  crystallizes 
from  a  hot  solution  of  alcohol  containing  not  more  than  5  per  cent, 
of  water,  in  anhydrous  prisms  (C12H12O12).  It  requires  nearly 
two  parts  and  a  half  of  glucose  to  produce  the  same  sweetening 
effect  as  is  produced  by  one  part  of  cane  sugar.  The  action  of 
sulphuric  acid  upon  grape  sugar  is  quite  different  from  its  effect  uix)n 
cane  sugar,  as  instead  of  decomposing  it  as  occurs  with  sucrose,  it 
forms  with  glucose  a  definite  compound  acid,  which  has  l)een  termed 
sulphosaccharic  acid,  and  which,  according  to  M.  Peligot,  yields  a 
soluble  salt  with  lime  and  with  baryta. 

Glucose  crystallizes  with  difficulty  in  warty  concretions,  com- 
posed of  hard  transparent  cubes.  It  forms  with  common  salt  a 
compound  that  crystallizes  with  facility,  thus  furnishing  another 
distinctive  character  of  this  variety  of  saccharine  matter. 

Grape  sugar  forms  definite  but  unstable  combinations  with  the 
alkaline  bases.  These  compounds,  even  at  ordinary  temperatures, 
gradually  undergo  change ;  their  solution,  which  is  at  first  strongly 
alkaline,  becomes  neutral,  owing  to  the  formation  of  a  powerful, 
colourless,  but  uncrystallizable  acid,  glucic  acid  (3  HO,  Ci^IlsOg ; 
Pfligot),  which  remains  in  combination  with  the  base.  Glucic 
acid,  when  boiled  with  water,  absorbs  oxygen  and  becomes  brown  ; 
a  new  acid  (2  HO,  Ci^HgOg),  which  Mulder  terms  apoglucic  acid, 
is  formed  :  it  is  not  crystallizable.  If  an  alkaline  solution  of 
grape  sugar  be  heated,  the  sugar  is  rapidly  destroyed,  and  a  different 
body  of  dark  brown  colour,  also  possessed  of  acid  characters,  is  pro- 
duced ;  this  substance  is  not  crystallizable ;  it  has  been  termed 
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metoMnc  acid.  This  body  hjis  a  powerful  affinity  for  oxygen^  and  i 
when  boiled  with  an  alkalioe  solution^  to  which  a  salt  of  black ' 
oxide  of  copper  has  been  added^  speedily  reduces  the  black  oxide  of 
thift  metal  to  the  condition  of  the  reil  oxide. 

U[)on  these  facte  M.  Barrcswil  has  founded  a  simple  method  of 
estimating  the  amount  of  sugar  which  any  mixture  may  contain. 
For  this  purpose  he  prepares  an  alkaline  solution  uf  tartrate  of] 
copper  and  potash^  of  known  strength.  A  given  volume  of  this  solu- 
tion is  placed  in  a  porcelain  capsule,  and  heated  nearly  to  its  boiling 
point ;  tlic  solution  of  sugar  to  be  tested  is  then  added  by  degrees 
frum  a  burette^  until  the  addition  of  the  syrup  ceases  to  produce 
any  further  precipitate.  The  proportion  of  sugar  which  is  present 
in  the  liquid  will-  be  inversely  as  the  volume  of  the  Baecharine 
solution  consumed.  Cane  sugar,  however,  docs  not  reduce  the 
alkaline  solution  of  tartrate  of  copper,  consequently  no  indication 
of  the  presence  of  cane  sugar  is  ailordcd  by  tliis  reagent,  Never- 
thelcdRj  a  quantitative  determination  even  of  this  variety  of  sugar 
may  be  effected  by  means  of  this  method,  provided  that  a  given 
volume  of  the  saccharine  liquid,  acidulated  slightly  with  sulphuric 
atU,  lie  diluted  with  water,  and  Ijoiled  for  two  or  three  hours ;  the  | 
cane  sugar  is  thus  convei'ted  into  fruit  sugar,  and  on  diluting  tliis 
li(juid  with  water  till  it  occupies  a  definite  volume,  the  proportion 
of  altered  sugar  which  it  contains  may  be  ascertained.  Supposiug 
both  kinds  of  sugar  to  be  present,  a  preliminary  experiment  is  made 
before  boiling  with  acid,  in  order  to  estimate  the  amount  of  fruit 
or  of  gra[>e  sugar,  and  by  deducting  this  from  the  quantity  foimd 
after  acidulating  the  liquid  mul  boiling,  the  proportion  of  cane 
sugar  is  ascertained*  Fchliug  rccomnjcufls  for  the  prepiu-atiou  of  | 
the  standard  copper  solution,  the  following  proportions  as  reduced 
to  English  weights  : — i  ounce  of  crystallized  sulphate  of  copper, 
3  ounces  of  cream  of  tartar,  i|  ounce  of  pure  carbonate  of 
potash,  14  or  16  ounces  of  a  solution  of  caustic  soda  (sp.  gr. 
1*12),  and  water,  until  the  solution  measures  15160  water  grains. 
200  measured  grains  of  this  solution  contain  a  quantity  of  copper^  ^^ 
which  would  be  reduced  by  i  grain  of  sugar  (CjsUi^Ojs) ;  i  eqiii-  ^M 
valent  of  sugar  reducing  to  equivalents  of  the  black  oxide  of  ' 
copper  to  the  state  of  suboxide.  This  test  is  often  conveniently 
resorted  to  as  a  preliminary  trial  for  sugar  in  urine :  little  or  no 
action  occurs  when  a  solution  of  grape  or  diabetic  sugar  is  mixed 
with  an  alkaline  solution  of  copper  in  the  cold  ;  but  on  the  applica- 
tion of  a  gentle  beat  the  yellow  by d rated  suboxide  of  copper  is 
thmwn  down,  and  on  raising  the  tenqicrature  to  the  boding  point 
the  red  aubydrous  suboxide  is  dtpossitcd. 
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When  grape  sugar  is  heated,  it  begins  to  soften  at  about  140^, 
and  at  a  13^  it  melts  and  loses  two  equivalents  of  water;  at  284^, 
three  additional  equivalents  of  water  are  expelled^  and  the  residue 
consists  of  caramel. 

(929)  Effects  of  the  Varieties  of  Sugar  on  Polarized  Light. — 
Both  sucrose,  or  cane  sugar,  and  glucose  produce  rotation  upon  a 
ray  of  polarized  light.  The  plane  of  polarization  is  rotated  from 
left  to  right,  by  sucrose  rather  more  powcrfidly  than  by  glucose.  It 
is  remarkable  that  fruit  or  uncrystaliizablc  sugar  produces  an  oppo- 
site rotation,  viz.,  from  right  to  left.  Since  the  degree  of  rotation 
is  proportionate  in  columns  of  equal  length  to  the  quantity  of 
sugar  present,  it  has  been  proposed  to  employ  this  proi)erty  in 
order  to  determine  the  quantity  of  sugar  present  in  syrups. 

M.  Clei^ct,  in  a  paper  contained  in  the  Annates  de  Chimie,  III. 
xxvi.,  175,  gives  a  detailed  account  of  the  application  of  polarized 
light  to  the  analysis  of  saccharine  solutions  by  the  aid  of  an 
instrument  invented  by  M.  Soleil.  Dr.  Bence  Jones  has  applied 
the  method  to  the  determination  of  the  quantity  of  sugar  which 
remains  in  the  unfcrmented  state  in  wines.  Diabetic  urine 
may  also  be  examined  by  the  same  process.  According 
to  M.  Clerget,  if  the  right-handed  rotating  power  of  a  given 
"weight  of  cane  sugar  be  taken  as  100,  that  of  an  equal  weight  of 
diabetic  sugar  is  73,  the  rotation  in  this  case  also  being  right- 
handed.  In  connexion  with  the  optical  examination  of  syrups, 
the  following  facts  arc  important : — Starch  sugar  presents  three 
modifications  when  examined  l)y  its  eflfcct  upon  {)olarizcd  light.  A 
solution  of  crystallized  starch  sugar,  when  freshly  made,  possesses 
a  rotatory  power  double  of  that  which  it  retains  after  having  been 
kept  in  solution  for  some  hours ;  and  the  rotatory  power  of  a 
solution  of  sugar  from  malt  when  freshly  made,  is  three  times  as 
great  as  that  of  the  same  solution  after  long  keeping.  These 
different  varieties  may  all  be  immediately  reduced  to  the  one 
possessed  of  the  minimum  rotatory  power,  by  simply  heating  the 
solution  to  180°  or  upwards,  and  then  allowing  it  to  cool.  If 
the  rotatory  power  of  starch  sugar,  of  minimum  effect,  be 
taken  as  one,  that  of  a  fresh  solution  of  crystallized  starch 
sugar  will  be  two,  that  of  sugar  of  malt  three,  and  that  of  an 
equivalent  quantity  of  dextrin  (937)  will  be  ec^ual  to  four. 

Starch  sugar  thus  reduced  to  its  minimum  power  of  rotation, 
undergoes  no  change  when  heated  for  a  short  time  with  an  acid ; 
but  the  rotatory  power  from  left  to  right,  possessed  by  a  solution 
of  cane  sugar,  is  reversed  [interverti)  by  mixing  the  liquid  with  one 
tenth  of  its  bulk  of  a  pure  concentrated  solution  of  hydrochloric 
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acid,  and  lieatiug  it  by  means  of  a  water  bath  for  ten  mmutes 
the  temperature  of  1 54*^  F. ;  the  ciy&talline  sugar  18  thus  couverte 
into  the  uncrrstallizahle  form.     It  has  been  remarked,  tliat  the 
addition  of  a  sohition  of  potash  or  of  soda  to  a  eolution  of  sugary 
reduces  the  rotatory  action  of  the  liquid  upon  the  polarized  ray,      , 
but  on  neutralizing  the  alkali  the  original  eflect  is  restored*     Ai^H 
excess  of  acid  e^ierts  no  sensible  effect  upon  the  rotaton;^  power  o^^ 
the  liquid.      Mitscherlich  has  shown  that  elevation  of  temperature 
pi-oduces  a  very  singular  effect  upon  the  rotatory  power*      In  the 
case  of  cane  sugar,  the  rotatory  power  diminishes   slowly  as  the 
temperature  rises.      If  the  rotatory  power  at  32®  be  =1,  it  wiU  at 
212^  be  less  by  o  0232  (or  =  0*9768  Dubrunfaut) ;  but  in  the  case 
of  fruit  sugar  the  effect  is   so  cousiderable  that  not  only  is  ita.j 
rotatory  power  to  the  left  greatly  reduced,   but   it  at   a  certaial 
point  becomes  null,  and  beyond  tliis  it  is  actually  reversed,  and 
becomes  right  handed. 


(930)  Mamtfacture  of  Sugar, — ^The   chief  source  of  sugar  ml 
the  state  in  which  it  is  offered  for  sale  is  the  sugar-cane,  of  which 
there  are  three  or  four  varieties.     This  plant  is  a  solid^  jointed 
reed,  which  grows  to  a  height  varying  from  six  to  fifteen  feet  The 
sugar-cane   flourishes  best  between  the   tropics,  and    requires  a 
strong  deep  soiL      It  is  found  most  advantageous  to  cut  the  canes 
before  they  are  allowed  to  flower,  the  produce  of  sugar  being  much 
reduced  after  inflorescence.     Tlie  ciiues  are  cut  as  close  to  the  soil 
as  possible,  since  the  juice  contained  in  the  lowest  joints  is  the 
sweetest.     The  ripe  canes  immediately  after  cutting  are  stripped 
of  their  leaves,  and  subjected  to  strong  pressure  by  passing  them 
between  grooved  iron  cylinders*     In  that  hot  climate  the  juice 
if  left  to  itself  even  for  half  an  hour,  begins  to  ferment  1    it  is,  * 
therefore,   immediately  mingled  with  sljyth  of  its  weight  of  lime, 
and  heated  to  140^  F.  in  large  flat-bottometl  copper  pans  or  clarifiers, 
which  hold  from  300  to  400  gidlons  each.  At  this  temperature  the 
albuminous  portions  of  the  Juice  become  coagulated  and  rise  to 
the  surface  in  the  form  of  scum,  whilst  the  fitie  acid  is  neutralized 
by  the  lime*    After  allowing  it  to  eool  for  an  hour,  the  clear  liquid 
is  drawn  off  for  concentration  by  boiling.      The  fuel  used  for  this 
purjiose  generally  consists  of  the  crushc*d  canes,  the  ashes  of  which, 
in  well-manfiged  plantations,  are  always  returned   to  the  soil,  and 
furnish  manure  for  future  crops.     When  the  syrup  has  acquired 
sufficient   consistence,  it  is  run  into  shallow  wooden  coolei-s,  and 
allowed  to  rest  for  twenty-four  hours ;  at  the  expiration  of  that 
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time  it  ia  briskly  stirred  to  favour  crystallization ;  the  semi-solid 
mass  is  then  transferred  to  the  curiiig-hoiisc,  and  is  put  into  the 
potting  casks,  which  are  vessels  furnished  with  perforated  bottoms 
to  allow  the  molasses  or  treacle  to  drain  off.  Into  each  perfora- 
tion a  reed  or  the  stem  of  a  plantain-leaf  is  placed,  extending  to 
the  top  of  the  eask^  with  the  view  of  facilitating  the  drainage^ 
which  requires  three  weeks  for  its  completion.  The  crystals  are 
then  dried  off  in  the  sun,  and  form  the  raw  sugar  of  commerce. 
On  an  average^  one  gallon  of  juice  furnishes  one  pound  of  sugar. 
Much  waste  is^  however,  incurred  in  the  extraction  of  the  saccha- 
rine matter,  for  according  to  Dumas  loo  parts  of  fresh  cane  should 
yield  90  of  juice,  and  of  this  1 8  or  20  parts  are  pure  sugar.  No  un- 
erystallizable  sugar  is  contained  in  the  fresh  juice  of  sound  canes, 
though  it  occurs  in  decayed  ones.  Much  of  the  w&ste  arises  from 
the  conversion  of  the  crystallizable  sugar  into  treacle  or  uncrys- 
tallizable  syrup,  by  the  high  tem|)erature  and  frequent  boilings  to 
which  it  is  subjected.  Great  improvements  have  recently  Ixjen 
effected  in  the  apparatus  for  boiling  down  syrups,  by  means  of 
which  a  beautiful  crystallized  product  may  be  obtained  with  care 
from  the  juice  at  the  first  crystallization. 

Maple  Sugar. — The  American  Indians  manufacture  a  consider- 
able quantity  of  sugar  from  a  species  of  maple  {acer  saccharinum). 
In  order  to  obtain  the  juice,  they  make  i>crfonition8  through  the 
barky  which  penetrate  from  a  quarter  to  half  an  inch  into  the 
wood.  Each  tree  usually  has  two  borings ;  these  perforations  are 
always  made  upon  the  side  of  the  tree  facing  the  south,  at  a  height 
of  from  sixteen  to  twenty  inches  from  the  surface  of  the  soil.  Reeds 
are  placed  in  each  aperture,  to  convey  the  juice  into  suitable 
vessels.  The  best  season  of  the  year  is  during  the  months  of 
March,  April,  and  May,  while  the  sap  is  rising,  from  the  22nd  of 
March  to  the  middle  of  April  being  the  period  preferred.  Some- 
times a  second  nmning  is  taken  in  the  autumn  from  the  same 
tree,  but  it  is  more  injurious  to  the  tree  than  the  spring  tapping  ;  in 
autumn  the  juice  does  not  run  for  more  than  four  or  five  days,  but  it 
is  twice  as  strong  as  that  which  is  drawn  in  spring.  A  good  run 
gives  daily  six  gallons  from  each  incit^ion,  and  in  an  old  tree  or  '  old 
bush'  these  six  gallons  yield  one  pound  of  sugar.  In  a  '  new  bush/ 
twelve  gallons  are  required  for  each  pound  of  sugar :  the  average 
quantity  of  sugar  from  each  tree  is  about  three  pounds.  If  pro- 
perly treated,  the  same  tree  may  be  tapped  for  twenty  or  thirty 
years  in  succession.  The  higher  the  perforations  the  sweeter  is 
the  juice.     Every  twenty-four  hours  the  liquid  that  has  collected 
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iH  couceiitrfitecl,  and  the  raw  crystallized  sugar  is  sold  in  blocks 
^vitliout  further  refining. 

Beet  •root  sugar  is  extracted  by  pressing  out  the  juioe  from  thcj 
ripe  roots  of  the  white  beet,  which  are  usually  gathered  in  October. 
The  expressed  juice  contains  about  lo  per  cent,  of  sugar,  which  iu  I 
the  fresh  juice  is  entirely  of  tlie  crystal! izablc  kind  ;  but  it  is  I 
schloni  possible  to  extract  in  the  crystallizablc  form  more  than  half  ] 
the  quantity  which  the  root  contains. 

The  expressed  juice  is  first  mingled  with  a  small  quantity  of 
lime,  and  then  boiled  ;  a  large  portion  of  the  albumen  and  azotised 
matters  are  thus  coagulated  and  rise  to  the  top  iu  the  form  of  a  | 
scum,  which  is  carefully  removed.  The  juice  is  then  filtered 
through  a  column  of  auinuU  charcoal ;  it  is  concentrated  in  the 
vacuum  pan  and  is  then  filtered  a  second  time  through  charcoal  \ 
it  i»  next  evaporated  still  fuither,  and  filtered  through  coarse  cloth 
bags  to  remove  any  suspended  particles ;  after  which  it  is  boiled 
down  to  the  ciystalliziiig  point ;  the  syrup  at  this  stage  having  a 
sp,  gr.  of  about  139. 

The  cr}'stal8  of  beet- root  sugar  are  longer  and  flatter  than 
those  furnished  by  sugar  fi-om  the  cane,  but  they  cannot  otherwise 
be  distinguished  from  the  latter. 

The  maruifacturc  of  sugar  from  this  root  was  called  into  exist-  | 
cncc  by  the  wars  of  Napoleon,  dui-ing  which  tlie  ordinary  supply 
of  the  article  was  cut  off  from  the  French,  In  France^  where  the 
principal  mauufiictorics  of  this  sugar  exist,  a  goofl  deal  of  the 
mola«*i<*s,  which  is  inferior  to  that  of  the  cane,  is  fermented,  and 
fiirnislies  a  considerable  quantity  of  spirit  of  wine,  amounting  in 
weight  to  ncaiiy  one-third  of  tlic  treacle  employed ;  this  spirit  is 
purified  hy  distillation  ;  the  residuum  is  cva|M>rated  to  dryness,  and 
then  incinerated  for  the  sake  of  the  alkaline  salts  which  it  yields  ; 
these  salts  consist  principally  of  carbonates  of  soda  and  potash^  with 
a  small  pi'0|X)rtion  of  sulphate  of  potash  and  of  chloride  of  potas- 
sium. Beet-roots  contain  a  large  proportion  of  soluble  saline  matters, 
which  are  hy  this  means  economized,  Tlic  crushed  pulp  is  either 
employed  while  fresh  as  food  for  cattle,  or  used  as  manure  for  the 
land. 

(931)  Refining  of  Sngar. — The  process  of  refining  sugar, 
whether  from  the  cane  or  the  beet-root,  is  alike  for  each.  Two  or 
three  parts  of  sugar  ai'e  dissolved  in  1  of  lime-water  mixed  with  3  or 
4  per  cent,  of  bone  black,  and  the  whole  is  heated  in  lai-ge  cisterns 
by  allowing  steam  to  blow  up  into  them  through  pipes  which .^ 
open  into  tlic  bottom  of  the  vessel ;  from  these  cisterns  the  syrup 
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is  transferred  to  a  filtering  apparatus  consisting  of  tubes  of  twilled 
cotton^  where  it  is  freed  from  mechanical  impurities^  and  runs 
through  as  a  reddish  brown  syrup.  In  many  establishments  this 
clarification  is  aided  by  adding  to  the  syrup  a  certain  quantity  of 
the  serum  of  bullock's  blood.  The  albumen  of  the  serum^  on  the 
application  of  heat^  becomes  coagulated  and  rises  to  the  surface, 
carrying  with  it  entangled  in  its  meshes  the  greater  part  of  the 
impurities^  which  are  afterwards  removed  by  skimming. 

The  reddish  syrup  which  has  run  through  the  filters  has  next 
to  be  freed  as  much  as  possible  from  colouring  matter,  and  for 
this  purpose  it  is  a  second  time  filtered;  but  the  filter  on  this 
occasion  is  of  a  different  nature^  and  consists  simply  of  a  bed  of 
animal  charcoal,  prepared  by  calcining  bones  in  closed  vessels,  and 
subsequently  grinding  them  into  a  coarse  powder.  The  filters 
consist  of  extensive  vats  twelve  or  fourteen  feet  deep,  with  perfo- 
rated false  bottoms ;  upon  these  a  layer  of  ticking  is  placed,  and 
above  this,  charcoal  to  the  depth  of  twelve  feet ;  above  this  is 
another  layer  of  ticking  covered  with  a  perforated  metallic  plate. 
The  syrup  is  allowed  to  flow  evenly  over  the  surface,  and  by  the 
time  it  has  run  through  it  is  colourless. 

Owing  to  the  viscidity  of  the  filtered  liquid,  a  high  tem- 
peratmre  (230*^  F.)  is  necessary  to  make  it  boil  under  ordinary 
circumstances :  and  at  this  temperature  the  sugar  quickly  passes 
into  the  uncrystallizable  modification,  especially  when  exposed  to 
the  action  of  the  atmosphere.  By  an  ingenious  application  of  the 
mode  in  which  liquids  may  be  boiled  in  vacuo  at  a  temperature 
far  below  their  ordinary  boiling  point  (169),  this  difficulty  has 
been  in  great  measure  overcome ;  and  the  syrups  are  now  univer- 
sally boiled  down  in  the  vaamm  pan.  In  this  apparatus  the 
pressure  of  the  atmosphere  is  removed  by  means  of  a  powerful  air- 
pump,  and  a  vacuum  is  maintained  above  the  surface  of  the  liquid 
in  the  evaporating  vessel,  which  is  a  dose  pan  or  boiler  constructed 
of  a  spheroidal  form,  in  order  to  enable  it  to  resist  the  pressure  of 
the  external  atmosphere.  The  lower  half  of  the  pan  is  double,  for 
the  purpose  of  admitting  steam  between  the  coatings ;  and  a  spiral 
steam  pipe  is  also  coiled  within  the  boiler,  with  a  view  of  increasing 
the  extent  of  heating  surface.  By  this  arrangement  a  supply  of 
steam  can  be  admitted  from  a  neighbouring  boiler,  the  heat  being 
sufficient  to  cause  the  syrup  to  enter  in  rapid  ebullition,  whilst 
all  danger  of  burning  the  syrup  is  completely  avoided ;  since 
the  boiling  point  does  not  rise  above  150*^  or  160°  F.  The 
evaporation  is  continued   until   a  small  quantity  of  the  liquid 
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wlirii  pltiertl  hrtwccii  the  thumb  and  finger  can  be  drawn  out  into 
n  tlirrml.  wliu'h  hrvnU  iicur  tlie  tUuiub  aiid  curls  back  to  the  finger. 
Wliru  it  rcarlii'pi  thi?*  jKiiut  the  syrup  is  emptied  into  a  vessel 
hiMitccl  by  Hieam  to  ftbout  170^;  in  this  healer  it  is  strongly 
n^fUnlrd  nilh  wtMuh'U  oai*8  until  it  appearf^  thick  and  granular.  It 
iA  1410U  thi«  ii^itutinu  in  llic  heater  that  the  whiteness  and  fineness 
of  I  he  i^rain  in  ft^fMU  d  sugar  depend.  Fres^h  portions  of  the  cvapo- 
nited  b^puir  mv  two  or  ihrec  times  added  to  the  first,  and  thus  the 
lemiiemtnn*  i»  «aternately  rai^^ed  and  suftered  to  fall  From  the 
h wiling  v«t»  it  U  tmnsferreti  into  inverted  conical  moulds,  either 
of  -luvt  iron  or  of  uuglazed  cai-ilienwrn-c  ;  in  the  apex  of  each  of 
thr^e  i*  an  uperture,  whicli  is  at  firnt  closed  by  means  of  a  plug. 
Ilir  M-rUp  in  n^iiii^  ^"^^'^^  stirred  in  these  moulds,  to  favom-  the  escape 
of  (vtr'hnbhlef*.  which  would  otherwi«>t?  give  the  mass  a  honeycombed 
iu)ni»cimnet\  After  this  operation  it  is  left  at  rest  for  several  hours, 
lit  Mit»  mid  of  wliich  tin»c,  when  the  phig  is  removed,  the  uncrys- 
IttlbKcd  «vrn[J  runi»  into  vessels  placed  below  for  its  inception.  The 
miuiir,  however,  is  not  yet  white  j  for  though  the  crystals  consist 
nf  pun^  ■ngiir,  the  loaves  retain  mechanically  a  large  quantity  of 
miIomiimI  »*yrntt.  In  order  to  get  rid  of  this,  a  quantity  of  fine 
i>|ntn*h*ii4*  ityrnp  i»  placed  upon  the  base  of  each  loaf,  and  this  smip, 
ttn  H  ittinduidly  |K'rc*f»latcs  through  the  porous  mass,  displaces  the 
itMiMiritien>  'Vhv,  h»af  in  finally  diied  in  a  stove,  aud  finished  for 
(|h»  lUMrkrt  hy  turning  it  in  a  latlic. 

In  tiirmy  relHierir'ri,  uftrr  the  finest  qnabty  of  sugar  hai?  been 
libhinn'tl  in  \hv  iurm  of  Inuvcs  in  the  nnumcr  already  descrihed. 
Mm*  «yrnp  wldeh  dratUM  from  tliem  is  boiled  down  again  in  the 
MUHUm  pan,  ronl  in  obtained  in  the  form  of  what  is  termed 
tnifiht'tt  ifHf/itrt  which  m  i\vvd  from  the  un crystallized  syrup  with 
^Muil  inpidity  by  an  in^onioun  nfiplication  of  the  centrifugal  force. 
TIm'  Hp|»nnihi»  emfrloycd  i^  Niniilar  in  principle  to  that  which  has 
hvvu  l<»n^  imt'd  for  drying  t'lntlii'H  in  laundries.  It  consists  of  a 
|iyhtidr)rrd  tliion  mnnnted  iq>nn  a  vertical  axis,  to  which  a  very 
iM|iid  riihitiiry  movenicnt  can  be  given.  The  outer  wall  of  tkis 
rruilvioff  ilrum  i«  forniiHl  uf  a  t^tout  but  close  metallic  net- 
iiofi  Tln«  druiii  k  enckwcd  in  a  second  somewhat  lai^er 
fl^cd  rvbnilni'id  \«*Mnid  in  uliich  the  liquid  portion  of  the  syrup  is 
fi»||i*«hMl  III  order  !o  uhc  the  apparatus,  a  charge  of  conc^eut rated 
niMip,  whinb  han  licen  allowed  to  eool,  and  has  thus  become  con- 
14  lint  bilo  II  ciyi"tallinn  magma,  i»  transferred  to  the  inner  drum 
.,(  iIh!  ciMlntugal  nuieliine.  The  drum  is  now  put  into  rapid 
HU«'y  iiu*tiou,   the   unery»tallizcd   syrup  escapes    tla-ough  the 
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pores  of  the  metallic  gauze^  whilst  the  ciystals  are  retained  upon 
its  inner  surface.  Between  the  withdrawal  and  the  introduction 
of  each  charge  the  drum  is  cleansed  by  a  jet  of  high-pressure 
steam^  and  thus  the  pores  of  the  metallic  network  are  kept  clear. 

(932)  A  singular  modification  of  sugar  was  observed  by  Pro- 
fessor Johnston  to  be  furnished  by  some  species  of  the  Ettcalyptw ; 
it  has  recently  been  more  accurately  examined  by  Bcrthelot  [Ann, 
de  Chl/uie,  III.^  xlvi.  66)  and  described  by  him  imder  the  name  of 
melitose. 

Melitose  (C^H^O^  4 IIO)  is  contained  in  the  manna  of  the 
Eucalyptus,  It  is  soluble  in  water,  and  somewhat  soluble  in  alcohol. 
Its  aqueous  solution  crystallizes  by  spontaneous  evaporation  in 
slender  needles,  which  have  a  feebly  sweet  taste.  Whenheated  to2  ia° 
it  loses  2  equivalents,  or  9*2  per  cent,  of  water;  if  heated  to  266°  it 
loses  about  i  equivalent  more  of  water,  melts,  and  emits  an  agreeable 
odour,  whilst  it  assumes  the  aspect  of  barley-sugar.  The  aqueous 
solution  of  melitose  produces  right-handed  rotation  of  a  polarized 
ray  more  powerfully  than  cane  sugar.  Basic  acetate  of  lead 
produces  a  precipitate  in  its  solutions.  It  docs  not  reduce  the 
salts  of  copper  when  boiled  with  an  alkaline  solution  of  these 
compounds  ;  but  if  boiled  with  sulphuric  acid,  the  resulting  liquid 
acquires  the  power  of  reducing  the  salts  of  copper.  When  mixed 
Avith  yeast,  melitose  experiences  the  vinous  fermentation,  but  it  gives 
off  one  half  only  of  the  quantity  of  carbonic  acid  which  glucose 
would  have  yielded.  Under  the  influence  of  yeast  it  becomes  broken 
up  into  two  portions,  one  of  which  undergoes  fermentation  like  fruit 
sugar,  whilst  the  second  portion  remains  unacted  on  in  the  liquid. 
To  the  latter  body  the  name  of  Eucalyn  has  been  given.  It  is  a 
substance  of  syrupy  consistence,  and  a  feebly  sweet  taste ;  when 
dried  in  vacuo  at  the  ordinary  temperature,  it  consists  of  CiaHigOu, 
2  HO,  and  at  2 1 2°  it  parts  with  2  equivalents  of  water.  It  produces 
right-handed  rotation  upon  a  polarized  ray.  Eucalyn  has  the  pro- 
perties of  sorbin  (see  table  p.  72)  in  every  respect,  except  that  sorbin 
produces  left-handed  rotation  and  is  crystallizable.  When  heated 
with  alkalies  it  assumes  a  brown  colour,  and  reduces  the  salts  of 
copper ;  at  a  heat  of  392°  it  becomes  converted  into  a  black  insoluble 
mass.  Melitose  appears  therefore  to  be  formed  by  the  union  of  two 
varieties  of  sugar,  one  of  which  is  fermentable,  while  the  other  is 
not  so. 

(933)    Sugar    of     Milk  ;     Lactin   or    Lactose    (CJ4H24O24), 
Sp.  Gr.  I '543- — ^This  variety  of  sugar  is  an  animal  product,  being 
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obtained  solely  from  the  milk  of  the  mammalia.  It  is  produce 
the  hcrbivora  in  greatest  abundance,  but  it  i*  secreted  also  b}*  tbi 
camivora^  although  their  diet  is  exclusively  of  an  animal  nature. 

Preparation. — After  the  milk  has  l^een  coagidated  the  curd  is" 
sepaiatcdj  and  the  whey  is  concentrated  by  evaporation  until  it 
reaches  the  crystallizing  point.  Small  pieces  of  wood  are  thei 
introduced  to  act  as  nuclei  ui>on  which  the  crj^stals  of  lactose 
deposited.  It  is  thus  procured  in  mammillated  masses  composed 
of  groups  of  right  four-sided  prisms,  terminated  by  four-side 
pyramids.  The  crystals  are  white  and  semitransparent ;  they  fe 
hard  and  gritty  between  the  teeth^  and  require  5  or  6  parts 
cold  water  for  solution  j  the  liquid  thus  formed  is  less  sweet 
the  taste  than  that  produced  by  an  equal  weight  of  starch  sugarj 
Lactose  is  insoluble  in  alcohol  and  in  etlicr.  Its  aqueous  solutios 
produces  right-handed  rotation  of  a  ray  of  polarized  light, 
lactose  be  heated  gradunlly  to  284°,  2  equivalents  of  water  are  ex- 
pelled ;  but  it  is  remarkable  that  if  the  temperature  be  suddenly  i 
raised,  the  crystals  mcltj  and  then  lose  5  equivalents  of  water^^B 
When  boiled  with  dilute  acids  it  is  very  slowly  converted  into^^ 
fruit  sugar.  AA'lien  pure,  this  form  of  sugar  is  not  susceptible  of 
fermentation,  but  milk  itself  may  be  fermented.  In  this 
under  the  influence  of  the  casein,  the  lactose  is  probably  converte 
into  fruit  sugar  previous  to  imdcrgoing  fennentation.  Laetosrf 
may  be  combined  with  oxide  of  lead^  and  forms  with  it  two  wliitu 
insolulilc  com|>ouuds,  CaiHioOit?*  5  PbO,  and  C24HjijOig,  10  PbO, 
It  also  forms  compounds  with  tlie  alkalies  and  with  the  alkaline  . 
earths^  and  absorbs  botli  animoniacal  and  hydrochloric  acid  gases^^H 
Ad  alkaline  aohition  of  lactose  when  boiled  with  the  salts  of  copper^^ 
reduces  them,  and  precipitates  the  suhoxide  of  the  metal.  It  also 
reduces  the  salts  of  mercury  and  of  silver  when  heated  with  their 
solutions.  ^^ 

(934)  Action  of  Nitric  Add  on  the  Suf^arit. — ^The  action  o^H 
nitric  acid  upon  the  different  varieties  of  sugar  is  remarkable  and 
characteristic.  Sucrose  and  glucose,  when  treated  with  three  times 
their  weight  of  nitric  acid,  of  sp.  gr,  1*25  (care  being  taken  that  the 
temperature  be  not  allowed  to  rise  beyond  120^  F.)^  yield  a  pecu- 
liar aeidj  the  saccharic ;  and  the  same  substance  may  also  bci 
obtained  from  starch,  gum,  and  lignin  by  similar  treatment. 

Saccharic  Add   (2  HO,  C^^H^On). — This  acid  forms  a  colour^ 
less,  inodorous,  deliquescent,  gummy,  uncrystallizable  niasSj  which  ifl 
firely  soluble  in  aleoliol,  but  sparingly  so  in  ether.     It  yields  tw< 
salts  with  potash;   one  of  which  is  neutral  and  very  soluble,  the 
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other  is  a  sparingly  soluble  bisaccharate  which  crystallizes  in  oblique 
rhombic  needles.  This  acid  is  sufficiently  powerful  to  dissolve 
iron  and  zinc  with  extrication  of  hydrogen.  Its  neutral  salt  with 
baryta  is  amorphous  and  sparingly  soluble.  Saccharic  acid  has  a 
tendency  to  form  double  salts^  so  that  it  appears  to  be  dibasic. 
This  acid  is  isomeric  with  mucic  acid,  a  very  different  body  produced 
by  the  action  of  nitric  acid  upon  sugar  of  milk. 

If  sucrose  or  glucose  be  acted  upon  by  nitric  add,  of  a  sp.  gr. 
higher  than  1*25,  and  the  temperature  be  allowed  to  rise,  a  large 
quantity  of  oxalic  acid  is  formed. 

Mticic  Acid  {2  HO,  CigHgOiJ. — Sugar  of  milk,  when  treated 
with  excess  of  nitric  acid,  furnishes  mudc  acid,  which  is  isomeric 
with  the  foregoing  acid ;  it  may  also  be  produced  from  gum  and 
mannite  by  similar  treatment.  One  part  of  sugar  of  milk  or  of 
gum,  when  boiled  with  4  parts  of  nitric  acid  of  sp.  gr.  1*35  and 
I  part  of  water,  on  cooling  deposits  mucic  acid  in  minute,  colour- 
less, transparent,  tabular  crystals,  which  assume  the  appearance  of 
a  sparingly  soluble  white  gritty  powder,  insoluble  in  alcohol.  It 
is  a  dibasic  acid,  the  salts  of  which  are  all  insoluble  in  water  with 
the  exception  of  those  of  the  alkalies :  it  forms  two  classes  of 
salts,  a  neutral  and  an  acid  series.  The  neutral  mucate  of  potash 
consists  of  2  KO,  CjaHgOi^,  HO;  the  bimucatc  of  the  same  base 
of  KO,  HO,  CigH^Oi^,  HO.  Mucic  acid  is  soluble  in  concentrated 
sulphuric  acid,  with  which  it  forms  a  crimson  solution. 

When  mucic  acid  is  heated,  carbonic  acid  and  water  are  ex- 
pelled, and  a  new  monobasic  acid,  the  pyromucic  (HO,  CioHsOs)^ 
is  sublimed  in  delicate  needles  : — 

Mucio  Acid.  Pyromiieio  AeUI.  Oarbonio  Add. 

(a  HO,  CiaH.O  J  =  '(HO,  C10H3O5J  +  rCO,  +  6  HO. 

Pyromucic  acid  is  isomeric  with  the  pyromeconic  and  with 
citraconic  acid,  but  it  is  distinguished  from  these  bodies  by  the 
formation  of  a  white  insoluble  precipitate  when  added  to  a  solution 
of  subacetate  of  lead. 

If  mucic  acid  be  simply  boiled  in  water  for  some  time,  it  passes 
into  an  isomeric  variety  known  as  paramucic  acid,  which  is  much 
more  soluble  in  water  than  mucic  acid,  and  is  also  freely  taken 
up  by  alcohol;  when  its  aqueous  solution  is  evaporated,  para* 
mucic  acid  is  left  in  quadrangular  tables. 

§  II.  Other  Soluble  Substances  allied  to  Sugar. 
(935)  Mannite  (CeHyOg  or  CeH^O^  2  HO).— This  substance 
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abounds  in  the  dnig  known  as  mmmn^  which  consi^^ts  of 
inspissated  saccharine  jnice  of  the  frthvinus  ornwt,  a  tree  which 
grows  abundantly  in  Sicily  and  Calabria.  Mannite  is  also  con- 
tained in  considerable  qnantity  in  celery,  in  onions,  asparagus 
shoots^  and  in  certain  kindj*  of  fungi.  According  to  Stenhouse, 
it  is  also  tbund  largely  in  many  species  of  sea- weed ;  the  laminaria 
saccharinn,  when  dried,  containing  as  much  as  12  or  13  per  cent. 
of  it.  It  is  likewise  a  constituent  of  the  juice  which  exudes  from 
many  varieties  of  apples  and  pears ;  and  it  is  always  formed 
dunng  the  viscous  ferraeutation  of  sugar  to  which  the  juice  of  the 
beet  root  is  particularly  liable ;  so  that  it  is  a  substance  which,  ^j 
firom  its  extensive  distribution,  acquires  a  certain  degree  of  interest.  ^| 

Mannite  may  be  readily  extracted  from  the  manna  of  the  ^^ 
fraxbuis  omits  by  digesting  it  in  hot  alcohol ;  as  the  solution 
cools  the  mannite  crystallizes  in  tufts  of  silky  quadrangular 
prisms.  It  fuses  at  320°  without  losing  weight,  forming  a  colour-  ^J 
less  liquid,  whicli  solidifies  on  cooling,  into  a  mass  of  radiated  ^^ 
crystals.  Mannite  is  very  soluble  in  water ;  it  has  an  agreeable 
sweet  taste,  and  is  easily  distinguished  from  cane  sugar  by  the 
absence  of  any  charring  effect  when  it  is  treated  with  sulphuric 
acid ;  in  fact,  the  acid  combines  with  it  and  forms  sfilphomanniiic 
acid  (HO,  Cjjll^jOp  2  SO3).  Mainute  may,  as  Stenhouse  hiis 
sliown,  be  distinguished  from  grajie  sugar  with  facility,  since 
it  does  not  become  brown  when  heated  with  alkaline  solutions. 
It  combines  with  bases  ;  and  wlien  its  aqueous  solution  is  muted 
with  one  of  basic  acetate  of  k^ad,  a  precipitate  (QH^O^  2  PbO)  is 
formed,  which  consists  of  mannite,  in  which  2  equivalents  of  water 
have  been  displaced  by  2  equivalents  of  oxide  of  lead.  Solutions 
of  mannite  do  not  reduce  the  alkaline  solution  of  tartrate  of 
copper  when  boiled  with  it,  but  when  heated  with  a  solution  of  the 
nitrate  of  silver  they  precipitate  the  metaL  They  likewise  reduce 
gold  from  a  solution  of  its  chloride. 

Mannite  is  also  cbarncteristically  distinguished  from  true 
sugar,  by  its  insusceptibility  of  the  alcoholic  fermeutation  when 
mixed  with  yeast,  and  by  the  absence  of  any  rotatory  effect  upon 
a  ray  of  polarized  light.  Nitric  acid  produces  saccharic  and 
oxalic  acids  wheu  heated  with  mannite,  but  no  mucic  acid.  A 
modification  of  mannite  (CdH^jO-),  to  which  the  name  of  pinite 
h^  been  given,  has  been  found  by  Berthelot  in  tlic  juice  of  the 
PifUis  Lamberliana  :  it  is  distinguished  by  being  nearly  insoluble  in 
absolute  alcohol,  and  by  its  power  of  producing  right-liauded  rota- 
tion upon  a  ray  of  polarized  light* 
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Glycyrrhizin  (CgaFIgaOu,  a  HO;  Lade).— The  sweet  principle 
of  the  liquorice  root  is  not  a  true  sugar^  for  it  is  not  susceptible  of 
fermentation.  It  has  a  strong  tendency  to  combine  with  bases, 
and  forms  soluble  compounds  with  the  alkalies  and  earths.  It  is 
usually  obtained  by  adding  an  acid  to  a  concentrated  decoction  of 
liquorice  root,  washing  the  precipitate  with  cold  water,  and  dis- 
solving it  in  alcohol ;  on  evaporating  this  solution,  the  glycyrrhizin 
is  left  in  the  form  of  a  brilliant,  transparent,  brownish  mass,  which 
is  sparingly  soluble  in  cold  water,  especially  if  acidulated.  It  is 
more  soluble  in  hot  water,  but  its  proper  solvent  is  alcohol.  The 
solution  has  a  sweet  taste,  leaving  a  disagreeable  bitterness  upon 
the  palate. 

The  following  table  contains  a  summary  of  the  leading  cha- 
racters of  the  principal  varieties  of  sugar,  including  those  of  a  few 
saccharine  substances  of  less  importance — viz.,  sorbin,  dtdcose,  and 
quercite,  which  it  will  not  be  necessary  to  describe  more  minutely. 

Sugars  and  some  allied  Bodies. 


YARIBTT   AIID 
ORiaiH  OF  8U0AIU 

PBIVOIPAL    PROPERTIES. 

Cano  Sugar, 

,    C„H.,0„i 
from  sugar  cane. 

Crystallizes  in  four  or  six-sided  rhomboidal  prisms — very  soluble 
in  water,  leas  so  in  dilute  alcohol— specific  gravity  v6 — fuses 
about  320"  F.— is  not  precipitated  by  subacetate  of  lead— does 
not  reduce  an  alkaline  solution  of  tartrate  of  copper  on  boiling — 
produces  rl^A^handed  rotation — undergoes  alcoholic  fermentation 
with  yeast — combines  with  alkalies— boiled  with  dilute  acids, 
yields  glucoss — with  nitric  acid,  yields  saccharic  and  oxalic  acids. 

Fruit  Sugar, 

from  many  recent 
fruits. 

Not  crystallixable — soluble  in  dilute  alcohol— not  precipitated 
by  subacetate  of  lead— reduces  an  alkaline  solution  of  tartrate  of 
copper  by  boiling — produces  /c/]f-hsnded  rotation — undergoes 
alcoholic  fermentation  with  yeast — turns  brown  when  treated  with 
alkalies — dilute  acids  partially  convert  it  into  grape  sugar  by 
boiling. 

Grape  Sugar, 
C„H,0,2,3HO; 
from  dried  fruits, 
or  altered  starch. 

Crystallizes  in  cubes  or  square  tables— less  soluble  in  water  than 
cane  sugar,  but  more  soluble  in  alcohol— yields  a  precipitate 
with  ammoniacal  acetate  of  lead — reduces  tartrate  of  potash  and 
copper,  and  the  salts  of  mercury,  silver,  and  gold  when  boiled  with 
them — ferments  readily  with  yeast — produces  Wi^At-handed  rotation 
— becomes  brown  when  treated  with  alkalies — with  nitric  acid 
yields  saccharic  and  oxalic  acids. 

Snear  of  Milk, 

ChH„0,,.5HO; 

irom  whey  of 

milk. 


Crystallizes  in  four-sided  prisms — less  soluble  in  water  than 
grape  sugar — nearly  insoluble  in  alcohol  and  ether — subacetate  of 
lead  precipitates  its  solutions —  reduces  the  salts  of  copper,  silver, 
and  mercury  when  boiled  with  them  with  potash — produces  right- 
handed  rotation — not  directly  susceptible  of  alcoholic  fermentation 
— is  converted  into  glucose  by  boiling  with  dilate  acids — ^yields 
mucic  and  oxalic  acids,  with  nitric  acid. 
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TAHtKTT   AJJD 

oiuain  or  sgoab. 


f kOrCIFAL  paOPSlLTIBSt 


Melitose, 
ChH,,0     4HO; 

(Bertfielot,) 
from  the 


€ryitUllis«8  m  sldtider  prisms — Ereely  soluhk  in  water,  &Iight]| 
soluble  in  akahol — feebly  sweetr— melts  and  lones  wftter  ill  16 
— with  suljacetate  of  lit^  yields  a  precipitate —  does  uot  reilno 
AU  ftlktiline  aolutiou  of  tartrate  of  copjier — r/^/*^- handed  rotfttioa 
exceeding  that  of  tmne  (<tigar — midergoes  alcoholic  ferine  a  tatiwn  1  ' 
yeast,  tit  tlie  Mnie  time  half  the  augur  iff  separated  iii  an  atkftsr-^ 
mentahle  f^^im  as  Eucalyn. 


Kut'alyn, 

(BerthclotJ 

from  fenii<?titatioa 

of  melitose. 


Not  cryBtaltizable — precipitates  subacetat*  of  lefl<!,  and  reducea 
th<5  alkaline  tftrtratc  of  copper  when  Iwiled  with  it—prodaoet 
W^/f/'handed  rotation — not  &U(K*eptible  of  alcoholic  fermentation — 
bec4»me«  brown  when  treated  with  alkalleM — uot  altered  by  boiling 
with  dilute  acidi. 


Sorbin, 

(IVloiiKe.) 
from  berries  of 
mo  UD  tain  ash. 


CrystftllijBeB  in  odcliednL  with  &  rectaoguliwr  baae — isohible  in 
water,  i^early  lABoluble  in  alcohol— specific  gravity  I'S?  — fosible 
without  losa  of  weight — gives  a  white  predpitat-e  with  ba&ic  nuiuo- 1 
niaca]  acetate  of  lead  ^reduces  the  alkaline  evolution  of  Uirtrate  of  I 
(^opper  on  heating  it  with  it — ^  occasions /t/f -handed  rotation— ^iM 
not  fermentable — turned  brown  by  alkalies — yielda  a  red  *k>lutioiiJ 
with  oil  of  vitriol — converted  into  oxalic  acid  by  nitric  acid. 


Inofiite, 

(Hcherer.) 

from  mujicular 

tiBsae* 


Cr3'KtttlIi7.e«  in  radiated  tufts — Bolnble  in  water,  iniitjluble  inl 
absolute  alcohol  and  ether — losee  wat<ir  by  beat,  and  fuses  at  I 
410" — does  not  reduce  the  s^^Ut  of  copper  when  boiled  with  themj 
with  Alkali — is  not  BUEtceptible  of  alcoholic  fermentation,,  ball 
with  clieeae  Mid  chalk  yields  lactic  and  butyric  acids — ia  not! 
altered  by  boiling  with  dilute  acids  or  alkalies — forms  a  precipitate  | 
with  basic  acetate  of  lead. 


Dulcoae, 

Cj^linOij; 

(Laureut,) 

origin  xmknowTi. 


Crystallizes  in  brilliant  prisms — soluble  in  water  And  alcohol — 
fasea  at  556''  F. — gives  tio  precipiUite  with  subacetate  of  lead — 
and  doct  not  reduce  aitrmtc  of  silver  or  chloride  of  pold — produces 
no  roiation  on  poltirized  light — \&  not  sudceptible  of  fermentattoa 
— ^not  affected  by  dilute  alk&liee — converted  into  mucio  acid  by 
nitric  acid. 


Mannitc, 

.       C.H,0.; 

from  the  juice  of 


Crystal  liKos  in  eilky  anhydrous  four  aided  firlnnB — eoluble  in  wntnr 
and  alcohol — fusible  at  320°— gives  a  precipitate  with  l«uiic  aoetate 
of  lead — by  heat  reduces  the  Baits  of  Bilver  or  gold — does  not  reduce  \ 
the  alkaline  Larirate  of  copper  wbcn  boiled  with  it — no  rotation] 
of  polaritetl  light— not  fenuetitable — with  nitric  acid  yields  sac- 
churic  and  oitalic  acids — soluble  in  oil  of  vitriol,  and  in  alkolint  ^ 
fioluiion^  without  colorutiou. 


Quercite, 
from  ncornd. 


Transparent  priBins—Boltible  id  water  and  dilute  alcohol — foBiblt 
at  410" — does  ijut  1  educe  the  alkaline   tartrate  of  potash — not  J 
fcrnientablo  — stduble  without  change  of  colour  in  oU  of  vitriol  J 
atid  in  the  tklkalies — yields  oxalic  acid  with  nitric  acid. 


§  III.  Varieties  of  Stahch  and  Gum, 

(936)  Starch   (CiallioOxo). — The  term  starchy   or  amtjiaceous 
matter,   or  ftcuia,    is  applied   to   an   organized    substance   which 
occurs  in  rounded  or  oval  grains  in  the  cellular  tissue  of  certain  ^J 
parts  of  plants.      It  is  met  with  in  great  abundance  in  all  dicoty-.^H 
ledoaous  seedd^  particularly  in  those  of  leguminous  plants,  sucli  as  ^^ 


8TABCH. 


73 


peas  and  beans.  The  monocotyledonoos  seeds  of  the  cerealia  or 
com  tribe  contain  it  still  more  largely ;  it  is  also  abundant  in  the 
tubers  of  the  potato^  in  the  roots  of  the  tapioca  and  arrow-root, 
and  in  a  variety  of  other  plants.  On  examining  the  grains  of 
starch  with  a  magnifying  power  of  300  or  400  diameters,  they 
are  seen  to  consist  of  flattened  ovate  granules,  which  in  the  same 
plant  are  tolerably  uniform  in  size,  but  which  vary  in  magnitude  in 
different  species  of  plants,  those  of  the  canna,  or  tons  les  mois, 
No.  1,  fig.  331,  being  about  ^irrth  of  an  inch  in  diameter;  those 
of  the  potato  are  somewhat  smaller,  but  the  grains  become  larger 
as  the  age  of  the  plant  increases ;  those  of  the  arrow-root.  No.  2, 
do  not  exceed  ^irrth  of  an  inch ;  thode  of  wheat  starch.  No.  3, 
are  more  circular,  and  about  nrVrrth  of  an  inch  in  diameter,  and 
do  not  exhibit  rings ;  those  of  rice.  No.  4,  are  angular  and  often 
adherent  to  each  other ;  they  do  not  usually  exceed  the  TiAnrth  of 
an  inch,  whilst  those  contained  in  the  cells  of  the  beet-root  are 
still  smaller. 

Fig.  331. 


Each  of  the  larger  grains  exhibits  a  series  of  concentric  rings ; 
some  observers  consider  this  appearance  to  indicate  that  they  have 
been  formed  by  a  deposition  of  successive  layers  of  starchy  matter 
within  an  external  envelope ;  Mr.  Busk  considers  that  the  rings 
are  occasioned  by  a  plication  of  the  envelope  itself;  in  many 
instances  the  hilum,  or  supposed  point  of  attacliment  of  the  grain 
to  the  cellular  tissue  of  the  plant  from  which  it  was  developed, 
is  distinctly  perceptible,  as  shown  at  a  a,  fig.  331. 

The  structure  of  the  grains  of  starch  is  very  beautifully  dis- 
played by  placing  some  of  them  in  contact  with  a  drop  of  con- 
centrated solution  of  chloride  of  zinc  (tinged  with  a  little  free 
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iodine),  on  the  field  of  the  microscope.     No  change  takes  place 
ill  the  gmnules  until  a  little  water  is  added.     They  then  become 
of  a  deep  blue  colour,  and  gradually  expand ;  at  first  a   frilUUkej 
plicated  mar^n  is  developed  around  the  globule  ;  by  degrees  thill 
opens  out;  the  plications  upon  the  globule  may  then  be  seen  slowly.j 
unfolding,  and  may  be  traced  in  many  cases  into  the  rugae  of  the] 
fiill ;  ultimately  the  granules  SAvell  up  to  twenty  or  thirty  timesi 
tbeir  original  btdk,  and  present  the  apj>earance  of  a   flaccid 
During  these  changes  no  cxtnision  of  anything  witliin  the  granules  | 
is  observed  to  take  place  (Busk,  Qnarierly  Journal  of  the  Micro* 
scopical  Society  J  voL  i.)* 

The  grains   of    potato    starchy    if    illuminated  by   polarized 
lightj  with  a  Nicol-s  prism  interposed  between  the  object  and  thoj 
eye,    present   a   well-marked    black    cross    (the    centre   of    wiiiel 
corresponds  with    the   hilum).      When  wheat  starch  is    subjcctedl 
to  a  similar    test,    tliis    cross    is    not    perceptible ;    its    prcsencej 
may    tlicrefore    be    of    service    as    a    means    of    distinguishing 
the    fraudulent    addition    of    potato    starch    or    flour  to   wheat] 
flour, 

Propertks.— To  the  unaided  eye,  starch  exhibits  the  appear- 
ance of  a  white  glistening  powder,  or  of  columnar  masses  which  are 
easily  reduced  to  powder ;  when  pressed  between  the  fingers  it 
emits  a  peculiar  soniid,  and  produces  a  certain  feeling  of  elasticity. 
Starch  is  heavier  than  water.  It  is  insoluble  in  cold  water, 
alcohol,  and  ctbcr.  If  placed  in  a  solution  of  soda  or  of  potash, 
which  contains  two  per  cent,  or  upwards  of  alkali,  the  gratudcs  of 
starch  swell  up  and  become  converted  into  a  tenacious  paste.  A 
mixture  of  starch  and  water  may  be  preserved  without  change  at 
ordinar}'  temperatures  for  an  indefinite  period ;  but  it  undergoes  a 
remarkable  change  when  heated  to  a  temperatnrc  a  little  above 
140"^  F.  Under  these  circumstances  the  exterior  layer  of  the 
granules  absorbs  water,  the  grains  swell  up,  and  the  mixture  sud- 
denly tussnmcs  a  viscous  pasty  condition,  in  which  form  it  is  exten- 
sively employed  by  laundresses  for  stitlcning  linen.  If  this  paste  be 
largely  diluted  with  water,  the  swollen  granules  of  the  starch  slowly 
subside,  whilst  a  certain  quantity  of  amylaceous  matter  remains  in 
solution.  The  starch  paste  thus  obtained  does  not,  when  eva- 
porated, recover  its  former  insol ability.  Its  solutions  are  precipi- 
tated by  alcohol,  and  the  precipitate  may  be  rcdissolved  by  the 
immediate  addition  of  water  ;  but  af^er  a  few  hours  the  flocculi 
become  more  coherent  and  are  no  longer  soluble,  A  solution  of 
itarch  producers  right-handed  rotation  of  a  i)olarizcd  ray. 
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It  is  remarkable,  that  if  starch  be  boiled  under  pressure,  at 
about  300°  F.,  with  from  5  to  15  times  its  weight  of  water,  a  thin 
solution  is  obtained,  which  may  be  filtered  fix)m  the  insoluble  por- 
tion ;  this  liquid,  as  it  cools,  deposits  minute  spherical  granules, 
which,  when  dried,  have  the  whiteness  of  starch  without  its  glis- 
tening appearance.  These  granules  are  sparingly  soluble  in  cold 
water,  but  are  readily  dissolved  when  the  water  is  raised  to  158^ 
or  upwards.  Iodine  tinges  them  blue,  and  alcohol  causes  a  preci- 
pitate when  added  to  their  aqueous  solution. 

When  dry  starch  is  heated  suflSciently,  it  acquires  the  pro- 
perty of  dissolving  in  cold  water,  and  forms  a  ropy  solution  much 
resembling  gum  in  properties.  The  grains  of  anhydrous  starch 
may  be  heated  to  320°  F.  without  becoming  soluble,  but  at  400° 
the  change  is  complete  in  the  course  of  an  hour  or  two.  Com- 
mercial starch,  on  the  contrary,  from  the  water  which  it  retains, 
is  rendered  completely  soluble  by  raising  the  temperature  suddenly 
to  320^,  and  maintaining  it  at  this  point  for  some  time.  The 
change  produced  in  these  cases  consists  in  the  formation  of  a  sub- 
stance isomeric  with  starch,  which  is  termed  dextrin.  This  soluble 
torrefied  starch  is  known  imder  the  name  of  British  gum,  and 
constitutes  the  leiogotnme  of  the  French  manufacturers ;  it  is 
largely  employed  by  calico  printers  for  mixing  with  their  colours, 
in  order  to  give  them  the  requisite  consistence. 

Like  most  organized  structures,  starch  appears  to  retain  as  an 
essential  component^  a  small  quantity  of  saline  matter,  consisting 
partly  of  potash ;  and  it  likewise  contains  a  perceptible  amount  of 
some  azotised  compound,  which  is  contained  chiefly  in  the  tegu- 
ment of  the  grains  (Jacquelain). 

A  solution  of  tannic  acid  occasions  a  precipitate  in  one  of 
starch.  When  a  dilute  solution  of  starch  is  mixed  with  one  of  the 
ammoniacal  acetate  of  lead,  an  insoluble  compound  with  oxide  of 
lead  (CigHgOg-f  2  PbO)  is  formed.  Starch  may  be  recognised 
when  present,  by  the  deep  blue  colour  which  it  acquires  on  the 
addition  of  free  iodine  to  its  solution ;  this  colour  disappears  if  the 
iodine  be  in  excess,  or  if  the  solution  be  heated,  but  in  the  latter 
case  it  reappears  as  the  liquid  cools.  If  boiled  with  dilute  sul- 
phuric acid,  starch  quickly  loses  its  viscidity,  and  is  ultimately 
converted  into  glucose.  Before  the  transformation  is  complete, 
it  passes  through  the  same  modification  that  exists  in  British  gum, 
which  has  received  the  name  of  dextrin,  from  its  property  of 
causing  the  rotation  of  a  polarized  ray  frt)m  left  to  right. 

Preparation. — ^In  the  extraction  of  starch  from  the  vegetables 


in  which  it  is  contained^  advantage  is  taken  of  its   insolubility  in 
cold  water. 

1.  Poinio  Starch, — This  variety  is  prepared  on  a  large  scale 
from  potatoes^  which  contain  about  20  per  cent,  of  amylaceous 
matter;  tlie  cellular  tissue  of  tlie  tulxjr  does  not  exceed  2  percent. 
of  the  mass,  whilst  of  the  remainder^  about  76  per  cent,  coufiista 
of  water,  and  the  rest  of  small  quantities  of  sugar,  salts,  and 
azotised  matters.*  lu  order  to  exti^act  the  starch,  the  tubers  arc 
first  freed  from  adhering  eaith  by  a  thorough  washing,  and  are 
then  rasped  by  maehincry,  The  pulp  thus  obtained  is  received 
upon  a  sieve,  and  is  washed  coutiouuusly  by  a  gentle  stream  of 
water,  as  long  as  the  washings  run  through  milky.  This  milki- 
neJ5s  is  due  to  the  granules  of  stai'ch  which  are  held  in  suspension* 
The  milky  licpiitl  is  received  into  vats,  in  which  the  amylaceous 
matter  is  allowed  to  subside ;  tlic  supcniatant  water  is  drawn  off, 
and  the  deposit  is  rcpeatetlly  wa:?hcd  witli  fresh  water  until  the 
washings  arc  no  longer  coloured.      The  starch  is  then  suspended  in 

small  portion  of  water,  run  through  a  fine  sieve  to  keep  back 
'iiny  portions  of  sand,  and  after  having  been  again  allowed  to 
settle,  is  drained  in  baskets  lined  with  ticking,  and  the  mass  is 
placed  upon  a  porous  floor  of  Iialf-baked  tiles,  and  dried  in  a  current 
of  air,  which  is  at  first  of  the  natural  temperature ;  the  drying 
is  completed  by  the  apjjlicatiou  of  a  moderate  artificial  heat. 

2.  Wheat  Starch, — A  finer  species  of  starch  is  obtained  from 
the  grains  of  the  ccrealia,  iu  the  preparation  of  which  wheat  is 
hirgcly  emphjyed.  In  making  wheat  starch  a  more  complicated 
process  is  necessary,  as  in  this  grain  the  starcli  which  amounts  to 
nearly  60  per  cent,  of  the  whole,  is  accompanietl  with  an  azotised 
material  termed  gluten  (957)^  amonutiiig  to  from  14  to  19  per 
cent,  of  the  weiglit  of  the  gi'ain,  which  also  contains  a  certain 
quantity  of  cell uhir  tissue  and  of  sugar.  The  grain  is  fii*st  coarsely 
ground  and  wetted  witli  water.  After  the  lapse  of  three  or  four 
day«  it  begins  to  ferment,  and  is  then  transferred  to  a  large  vat 
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•  The  following,  iM!cordiiig  to  BouaaingaiiJt,  ia  the  average  composition  of 
the  tubers  of  the  potato ; — 

Moitt.  Biy. 
Wttti^r     ....     75'9 

Albumen ...     *       2'3  *     .    .  9*6 

Oily  irmtt^jr      .     ,      0*2  ...  o*8 

Fit»re 0*4  ...  17 

Stan^li      .     *    .     .     20*2  .     .     .  838 

!5iilt6 1*0  .     •    .  4.1 
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where  it  is  mixed  with  an  additional  quantity  of  water,  and  the  fer- 
mentation  is  allowed  to  proceed  for  three  or  four  weeks.  During 
this  operation  the  gluten  undergoes  putrefaction,  the  sugar  and  part 
of  the  starch  become  converted  into  alcohol,  and  carbonic  acid  is 
evolved,  while  the  fermenting  mass  emits  a  powerful  putrescent 
odour.  A  portion  of  the  alcohol  and  of  the  starch  become  converted 
into  acetic  and  lactic  acids,  which  dissolve  that  portion  of  the  gluten 
that  has  escaped  putrefaction,  and  thus  the  starch  is  separated  from 
the  materials  by  which  it  was  accompanied  in  the  grain.  It  is  then 
repeatedly  washed,  drained,  and  dried,  as  before.  The  blocks  into ' 
which  it  is  divided  in  order  to  facilitate  the  desiccation,  shrink 
during  the  drying  into  columnar  fragments,  which  are  readily  pul- 
verized by  gentle  pressure. 

3.  Rice  Starch. — In  the  foregoing  method  of  preparing  starch 
from  wheat,   much  of  the  amylaceous    matter  is    wasted,    the 
whole  of  the  gluten  is  lost,  and  the  operation  is  attended  with 
the  continual  evolution  of  gases  of  an  offensive  odour,  which  are 
the  source  of  annoyance  to  tlie  neighbourhood  in  which  the  manu- 
facture is  carried  on.     Tliese  inconveniences   were  overcome  by 
Mr.  O.  Jones,  who,  in  the  year  1840,  took  out  a  patent  for  the 
manufacture  of  starch,  by  a  method  which  he  applied  particularly 
to  rice,  though  it  may  be  used  with  other  cereal   grains.     Uii- 
dried  rice  contains  about  83  per  cent,  of  starch,  and   about   7*0 
per  cent,  of  gluten.     The  process  of  Mr.  Jones  consists  in  sepa- 
rating these  two  materials  by  means  of  a  very  weak  solution  of  alkali, 
which  dissolves  the  gluten,  but  leaves  the  starch  granules  unal- 
tered : — loolb.  of  rice  in  the  form  of  grain  are  macerated  in  50 
gallons  of  a  solution  containing  yivth  of  its  weight  of  caustic  soda ; 
after  the  lapse  of  24  hours  the  alkaline  liquid  is  drawn  off,  and  the 
rice,  after  being  well  washed,  is  allowed  to  drain,  and  is  ground  into 
flour.     It  is  then  digested  for  24  hours  longer,  in  a  fresh  quantity 
of  ley,  with  frequent  agitation  ;  at  the  end  of  that  time  it  is  left 
at  rest  for  70  hours.     The  liquid  which  floats  above  the  starch  is 
then  drawn  off;  it  is  turbid,  has  a  yellow  colour,  and  contains  the 
gluten  of  the  grain  in  solution.     From  this  liquid  the  gluten,  which 
possesses  highly  nutritive  qualities,  is  recovered  by  carefully  neu- 
tralizing  the  solution  with   sulphuric  acid  :    it  then  subsides  in 
flocculi,  which  are  washed,  dried,  ground  into  flour,  and  used  for 
mixing  with  ordinary  flour  to  increase  its  nutritive  properties. 

The  deposited  starch  retains  the  fibrous  matter  of  the  grain ; 
but  as  this  portion  is  heavier  than  the  fine  grains  of  starch,  it  is 
easily  freed  from  the  latter^  by  stirring  up  the  whole  with  water. 
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allowing  the  mixture  to  rest  for  an  hour,  during  wliich  time  th* 
vegetable  fibre  subsides,   and   then  ruiiniug  off  the  milky   liqui 
into  a  separate  vessel,  where  the  starch  is  deix)sited  ;  after  which  it 
is  washed^  drained,  and  dried  in   the   usual   manner.     Starch,   iiv 
the  form  in  which  it  h  usually  sold,  retains  about  18  per  cent.  o\ 
water.     In  order  to  render  it  anhytlrous,   it  should  be  dried  i\ 
vacuoy  at  a  temperature  of  360^  F. 

Offter  sources  of  Starch.^lf  diu'ing  the  prepai'ation  of  starch 
the  tonipcniture  employed  in  its  desiccation  be  raised  to   140*^, 
transparent  jelly  is  produced  which^  when  dry,  is  no  longer  fari 
ceous,   but  assumes  the  form  of  semitranspm'cut  granules.      Saffi 
is  the  fecnla  obtained   from  the  pith  of  the  sago  palm  by  Diakin, 
it  into  a  paste  mth  waterj  and    pressing  the  mixture   through 
perforated   metallic  plate ;  the  little  cylinders   tlms  obtained 
granulated  by  placing  them  in  a  revolving  vessel ;  these  are  theaj 
exposed   upon  a  sieve  to  a  jet  of  steam,  and  subsequently  dried, 
Tttpioea  is  the  starch  of  the  Jairopha  m  am  hoi,  which   is  pressedi 
through  a  colander,  and  dried  upon  a  metal  plate  heated  to  212' 
It  is  thus  formed  into  granular,  seniitransparent,  irregular  masses, 
Arrow    root  is    the    starch  of  the  root  of  the  maranta  arundiJ 
nacea,   and  of   one  or  two  other  tropical   plants,     Saiep  is  the 
name  given  to  that  yielded  by  the  orchis  mascula. 

The  occurrence  of  starch  is  not  confined  to 
kingdom.  Granules  of  starch  liavc  recently  been  found  in  the 
brain,  aiul  in  certain  eases  of  scrofulous  caries  the  liver  assumes  the 
peculiar  hard^  semi  transparent,  waxy  appcannice,  described  by 
Dr,  G.  Budd»  Tliis  condition  \'irehow  has  shown  to  arise  from 
the  deposition  of  amyloid  matter  in  the  gland ;  and  a  similar 
deiw>sit  has  been  found  in  the  kidney  in  the  same  eases.  The 
dcjjosition  of  small  qiuintities  of  starch  in  the  animal  tissues,  even 
in  health,  is  not  micommon. 


the  vegetable 


(937)  Dextrin  (C,  JIjoO,o)  is  a  transparent,  brittle  solid,  with 
a  vitreous  fj-actare.  It  is  soluble  in  water  and  in  dihite  alcohol, 
but  is  insoluble  in  anhydrous  alcohol  or  in  ether;  wood  spirit 
dissolves  it  freely.  Dextrin  is  distinguislicd  by  producing  right- 
handed  rotation  upon  a  ray  of  polarized  light,  and  it  derives  its  name 
from  tills  property.  It  differs  from  starch  in  not  yielding  any 
blue  coloration  with  iodine ;  and  from  gum  by  the  fact  that  a 
solution  of  dextrin,  when  mixed  with  potash,  forms  a  bcautil^ul  blue 
solution  on  the  addition  of  sulphate  of  copper,  which,  on  boiling, 
deposits  suboxide  of  copper;  whilst  no  such  effect  is  produced  with 
gum.     Nitric  acid   converts  dextrin  into  oxalic,  not  into  raucic, 
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acid.  M.  Fayen  has  contrived  a  method  of  preparing  dextrin  on 
a  large  scale^  which  consists  in  moistening  lo  parts  of  starch  with 
3  parts  of  water  containing  yivth  of  its  weight  of  nitric  acid, 
allowing  the  mixture  to  dry  spontaneously,  then  spreading  the 
starch  upon  shelves  in  layers  of  an  inch  and  a  half  in  depth,  and 
heating  them  for  an  hour  or  an  hour  and  a  half  in  a  stove  to 
about  240*^  F.  When  a  solution  of  dextrin  is  mixed  with  one  of 
ammoniacal  basic  acetate  of  lead,  it  forms  an  insoluble  precipitate 
consisting,  according  to  Payen,  of  2  PbO,  C13H10O10. 

(938)  Diastase. — During  the  germination  of  seeds  the  starch 
undergoes  a  species  of  fermentation,  and  is  converted  first  into 
dextrin,  and  subsequently  into  sugar,  in  which  state  it  is  assimi- 
lated by  the  young  shoot.  This  conversion  is  due  to  the  action  of 
a  peculiar  ferment  termed  diastase,  which  is  formed  in  all  germi- 
nating seeds.  An  impure  solution  of  diastase  may  be  readily  ob- 
tained from  malt  or  freshly-germinated  barley  by  grinding  it,  moist- 
ening it  with  half  its  weight  of  warm  water,  allowing  it  to  stand,  and 
pressing  out  the  liquid.  Malt  does  not  contain  more  than  roirth 
of  its  weight  of  diastase.  One  part  of  this  substance  suffices  to 
convert  2000  parts  of  starch  into  dextrin,  and  subsequently  into 
sugar  (Persoz  and  Payen);  the  temperature  of  150**  F.  is  most 
favourable  to  the  change,  and  at  212°  this  conversion  is  arrested. 

Long  before  the  discovery  of  diastase,  the  distillers  had  found 
that  by  mixing  a  portion  of  unmalted  barley  with  their  malt,  and 
digesting  the  mixture  in  warm  water  for  some  hours,  they  obtained 
an  infusion  or  wort  equally  sweet  with  that  furnished  by  an  equal 
weight  of  malt :  i  part  of  malt  having  the  power  to  change  into 
sugar  the  starch  contained  in  4  or  5  parts  of  barley.  Now  unmalted 
barley  contains  but  very  little  sugar,  whereas  after  it  has  been 
malted  the  proportion  of  sugar  is  much  increased,  whilst  that  of 
the  starch  is  diminished.  Malt  is  simply  barley  allowed  to  germi- 
nate up  to  a  certain  point,  after  which  its  growth  is  suddenly 
checked  by  the  application  of  heat ;  and  it  contains  a  considerable 
quantity  of  diastase  which  has  not  been  expended  in  the  conversion 
of  its  starch  into  sugar.  When  the  mixture  of  ground  malt  and 
barley  is  digested  with  water  or  mashed,  this  excess  of  diaaitam 
acts  upon  the  starch  of  the  unmalted  barley,  converting  it  fiat 
into  dextrin,  and  subsequently  into  sugar ;  a  saccharine  htpM  m 
thus  obtained  which  is  susceptible  of  fermentation.  Tkt^m- 
paration  of  such  a  sweet  wort  is  the  first  step  in  the  pHm  «f 
brewing.  In  malted  barley  this  saccharification  of  tkei 
already  taken  place  during  the  act  of  germination  < 
digestion  in  water  extracts  the  sugar.     But 
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less  expensive  tlian  maltj  a  certain  quantity  of  it  is  often  sub- 
stituted for  a  i>ortion  of  the  germinated  grain  by  the  distiller,  who 
sometimes  adds  as  much  as  4  parts  of  unmalted  grain  to 
malt^  and  thus  effects  a  considerable  pecmiiary  saving. 

(939)  Action  of  Ferments. — The  exact  manner  in  which 
diastase  acts  in  producing  this  singular  change  is  unknown,  and 
the  same  may  be  said  of  the  mode  in  which  sugar  is  convc 
into  alcohol  and  eai'bonic  acid  through  the  intcrventio; 
Tliesc  actions,  however,  exhibit  considerable  analogy  with  each' 
otherj  and  are  connected  in  some  way  with  the  decomposition  of 
the  matter  serving  as  a  ferment*  iloist  yeast  and  moist  diastase 
both  very  mpidly  undergo  decomposition.  Diastase,  when  in  a 
state  of  decay,  however^  produces  changes  on  other  matter  entirely 
di»tinct  from  the  transformation  of  starch  into  dextrin,  and  an 
examination  of  these  changes  has  tlirown  considerable  light  on  the 
obscure  subject  of  ferments  in  general. 

It  lim  already  been  stated  that  if  dextrin  l>e  acted  on  for  some 
time  by  diastase,  it  is  wholly  converted  into  fruit  sugar,  but  in  a 
certain  stage  of  its  decomjiosition  diastase  may  give  rise  to  products 
of  a  different  kind  ;  it  occasionally  converts  the  dextrin  into  gum 
instead  of  into  sugar ;  at  other  times  mannite  is  formed;  whilst  in 
other  cases  the  starch  is  converted  first  into  sugar,  and  this  compou 
is  then  rapidly  transformed   into  lactic  acid.     These  observati 
appear  to  iudicate  that  the  same  body  during  its  different  states" 
decay  may  give  rise  to  the  formation  of  products  quite  different  in 
properties  from   each   other,  though  all   these    products,    except 
niannitCj   have   the  same    ultimate   composition.       Hence  it   has 
been  concluded,  that  the  formation   of  each  of  these  compound^ 
corresponds  to  a  particidar  pha^e  of  decay  in  the  ferment ;  an^H 
has  been  supposed  tliat  the  molecular  constitution  of  all  bodies  iT 
contact  with  a  ferment,  provided  that  they  be  susceptible  of  change, 
undergoes  alterations  definite  in  their  nature,  and  dependent  upon 
the  peculiar   mode  of  decomposition  which   the   ferment  is  itself 
experiencing.      If  this  explanation  be  admitted,  it  is  easy  to 
why  in  many  instancea  the  products  of  fermentation  are  of  a 
or  less  mixed  nature,  accortling  as  the  ferment  itself  has 
through  more  or  fewer  phases  of  its  decomposition. 

(940)  Preparation  of  Malt. — Upon  tlic  proper  management  of 
the  process  of  malting  much  of  the  success  of  the  subsequent 
}>revving  depends*  The  seasons  most  favourable  for  malting  ar 
spring  and  autumn,  when  the  temperature  is  neither  verj^  high 
very  low.     The  barley  first  undergoes  the  operation  of  stec|: 
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Till  a  is  effected  in  stone  troughs,  where  the  grain  h  covered  \ntli 
water  to  a  depth  of  about  six  inches.  The  hghter  and  dceayed  seeds 
float,  and  are  nkimmed  off»  whilst  the  sound  grain^  being  heavier 
than  the  water,  subsides.  The  steeping  is  eoutinneil  until  the  grain 
becomes  uniformly  soft,  and  this  occu}>ies  generally  from  forty  to 
sixty  hours,  the  water  being  changed  twice  or  tbrice.  During 
this  sta^e,  the  barley  swells  considerably  from  the  moisture  which 
it  imbibes,  and  increases  in  weight  nearly  one-half.  Mter  a 
final  wa^liing  it  ib  drained  and  then  couched,  or  placed  in 
heaps  of  about  fifteen  inches  in  height  upon  the  floor.  In 
these  heaps  it  beeutue^  wai-m,  and  continues  to  swell  fur  the  next 
twcDty*four  hours  :  by  this  time  it  bc^ns  to  sprout;  as  soon  as 
the  fillet  whitisli  protuberance  shows  itself,  the  heaps  are  evenly 
distributed  over  the  floor  of  a  darkened  apartment,  and  the  process 
termed  sweat  hi  f;  follows,  In  this  state  it  is  allowed  to  remain 
several  days,  usually  fourteen ;  the  workmen  turning  it  twice  or 
thrice  daily  with  wcKjdeu  shovels*  Tliia  step  is  empluyed  fur  the 
purpose  of  ec|utdi^ing  the  heat,  in  order  that  the  process  of  germi- 
nation may  proceed  at  all  points  wdth  equal  rapidity.  By  this 
manipulation  the  temperature  is  maiiitalned  at  a  point  varying 
between  55°  and  frz^.  In  from  ten  to  twenty  days,  according 
to  the  beat  of  the  weather,  the  gernii nation  is  complete ;  and  as 
Boon  as  the  radicle  or  aerospire,  as  the  maltster  calls  it^  has  shot 
to  the  length  of  about  half  an  inch,  when  it  bifurcates^  and  just  as 
the  plumida  or  leaf-shoot  is  about  to  make  its  appearance,  the 
vitality  of  the  seed  is  extingui.^lied  by  rapidly  dryijig  the  grain.  In 
order  to  cflTect  this  object,  the  imdt  is  spread,  to  the  depth  of  about 
two  inches  and  a  half,  upon  floors  made  of  perforated  metallic 
plates.  Here  it  is  left  to  dry  iu  a  current  of  air  for  feomc 
hours,  at  a  temperature  not  exceeding  90^  ;  at  the  end  of  this  time 
a  fire  is  lighted  underneath.  It  is  necessary  that  the  greater 
part  of  the  moisture  be  expelled  before  the  lire  be  kindled : 
afterwards  the  heat  is  allowed  to  rise  gradually,  but  not  to 
exceed  140*^,  otherwise  the  stai'cb  of  the  grain  would  be  acted 
on,  and  much  of  the  diastase  would  lose  its  etKcacy.  High  dried 
malt  is  subjected  to  a  much  higher  temperature,  and  is  actnilljr 
scorched  on  the  outside.  Such  malt,  however,  is  used  only  m 
small  quantity  as  a  colouring  ingredient,  to  give  the 
deep  brown  tinge  to  porier\  During  the  drying,  which  1 
two  or  three  days,  the  grain  requiiTs  frequent  stirring,  \ 
that  the  desiccation  may  take  place  regularly.  Barler  , 
yields  about  80  per  cent,  of  malt  after  drying  aud  afti^( 
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radicles.   According  to  Dr.  Thomson,  i  z  per  cent,  of  tliis  loss  is  doe 
to  water ;  only  8  per  cent,  bein^  actually  wasted  in  the  form  of  j 
carbonic  acid  and  trimmings.      During  the  germination,  oxygen 
absorbed^  and  a  large  quantity  of  carbonic  acid  is  set  at  liberty. 
Other  grains,  such  as  wheats  oats^  rye^  and  even  Indian  corn,  may, 
be  malted,  but  experience  has  shown  that  barley  is  the  grain  best^ 
adapted  to  this  process.     It  yields  the  largest  quantity  of  diastase^ 
although   tliis  does  not  exceed  jijyth  of  the  weight  of  the  grain.. 
The  diastase  appears  to  be  developed  at  the  expense  of  the  azotisedl 
constituents  of  the  grain.     It  is  generated  chiefly  in  the  neigh* 
bourhood  of  the  young  germ,  not  of  the  rootlet. 

According  to  the  experiments  of  ^Ir.  Lawes,  of  Rotharasted, 
lOO  parts  of  dry  barley  yield  90*22  of  malt,  and  3*99  of  malt  and 
kiln  dust.  It  is  remarkable  that  the  malt  dust,  consisting  chiefly 
of  the  radicles  of  the  seed,  carries  ofl'  with  it  a  great  deal  of  the 
nitrogen  of  the  grain,  amounting  to  nearly  one-ninth  of  the  entire 
quantity  contained  in  the  barley.  The  loss  in  nitrogen  which  ^ 
bai*ley  suflers  in  becoming  converted  into  malt  rises  to  as  mueli 
as  13*5  per  cent,  of  the  total  quantity  of  nitrogen  contained  in 
J  00  parts  of  dry  barley.  Mr.  Lawes  found  the  nitrogen  in  the 
barley  to  amount  to  1*78  per  cent,  of  the  weight  of  the  dry 
grain;   that  contained  in  dry  malt  being  170  per  cent. 


(941)  Inulm  (C-j  JI21O21 ;  Paniell). — The  roots  of  many  plants  J 
amox>g  which  arc  those  of  the  dahlia,  elecampane  {inula  h€lenium)A 
cok'hicum,  dandelion,  and  chicory,  contain  a  variety  of  starch,  to' 
w  hich  the  name  of  inulin  has  been  given.  It  is  a  white,  pulverulent, 
inodorous,  tas^telcss  powder,  insoluble  in  alcohol,  sparingly  soluble  J 
ill   cold  water,  but  readily  so   in   boiling  water,  from  which  it  is  1 
deposited  again  on  cooliug  in  a  pulverulent  form.      Its  solution 
produces  left-handed  rotation  upon  a  ray  of  polarized  light.      By 
long  boiling  it  assumes  the  charactei*s  of  gum.      If  heated  beyond 
212*^  it  melts,  gives  ofl*  water,  and  leaves  a  scaly,  sweetish,  gummy 
mass,  which  is   readily  soluble  in   water.      Iodine   turns   inulin 
yellow.     By  boiling  with  dilute  acids  it  is  converted  first  into 
dextrin^  and  then  into  grape  sugar.     If  heated  with  nitric  acid 
in    the   eouccntratcd    form,   it   is  converted  into  oxalic  acid.      It  J 
forms  an  insoluble  precipitate  when  its  solution  is  mixed  with  onai 
of  acetate  of  lead  and  ammonia  is  added.      Mr.  Parnell  obtained 
two  different  comjKJundH  in  thin  manner,  which  when  dried  at  212^ 
(^ntained^  C^ll^^O^^  3  PbO,  and  C^^iH^^O^l,  5  PbO. 
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(942)  Gum  is  found  in  the  juices  of  almost  all  plants^  bnt  is 
met  with  in  its  purest  form  in  transparent  tears^  which  exude  from 
various  species  of  acacia.  Gum  arabic  may  be  taken  as  its  type. 
This  variety  of  gum  is  frequently  described  under  the  name  of 
Arabin  (CijHjjOii).  It  is  soluble  in  water^  forming  a  tasteless, 
ropy,  mucilaginous  liquid,  which  from  its  adhesive  quality  often 
forms  a  useful  substitute  for  paste  or  glue.  A  solution  of  gum 
arabic  produces  left-handed  rotation  of  a  polarised  ray.  It  is  not 
susceptible  of  the  alcoholic  fermentation.  A  solution  of  arabin  is 
precipitated  by  alcohol  and  by  ether  in  white  flocculi,  or  if  dilute, 
in  the  form  of  a  milky  turbidity.  If  boiled  with  dilute  sulphuric 
acid,  it  is  gradually  converted  first  into  dextrin,  and  then  into 
grape  sugar ;  concentrated  nitric  acid  converts  it  into  mucic  and 
oxalic  acids,  showing  its  relation  to  sugar  of  milk  in  this  respect : 
iodine  does  not  alter  its  colour.  It  forms  soluble  compounds 
with  the  alkalies  and  alkaline  earths;  a  solution  of  gum  when 
mixed  with  one  of  subacetate  of  lead  produces  a  curdy  precipitate 
(PbO,  C22H2iOn)-  Many  other  metallic  salts,  such  as  persulphate 
of  iron  and  nitrate  of  mercury,  also  precipitate  its  solution. 
Mttcilage  or  bassorin  is  a  modification  of  gum  which  is  insoluble 
in  water ;  but,  when  moistened  with  this  liquid  it  swells  up  into  a 
gelatinous  mass.  It  is  abundantly  contained  in  gum  tragacanth, 
and  accompanies  the  gum  which  exudes  from  the  cherry  tree. 
Many  seeds,  such  as  linseed,  quince-seed,  and  certain  roots,  such  as 
those  of  the  marsh-mallow,  contain  it  in  large  quantity :  alkalies 
render  it  soluble  in  water,  and  appear  to  convert  it  into  true  gum ; 
long  boiling  in  water  has  a  similar  effect.  Bassorin  is  precipitated 
by  alcohol,  sub-nitrate  of  mercury,  proto-chloride  of  tin,  and  sub- 
acetate  of  lead.    Nitric  acid  converts  it  into  mucic  and  oxalic  acids. 

(943)  Vegetable  Jelly  (formerly  called  pectin). — Another 
principle  which,  like  starch  and  gum,  extensively  per\'ades  the 
vegetable  kingdom,  is  that  peculiar  body  which  gives  to  the  juice 
of  many  succulent  fruits  and  roots  the  faculty  of  gelatinizing. 
Braconnot  first  called  attention  to  this  substance  under  the  name 
of  pectin ;  it  has  since  been  particularly  studied  by  Mulder  and 
by  Chodnew ;  and  by  Fremy,  especially  in  relation  to  the  ripening 
of  fruits.      [Ann,  de  Chimie,  III.,  xxiv.  5.) 

According  to  the  last-mentioned  chemist,  the  cellular  tissue  of 
many  fruits,  and  of  turnips,  carrots,  parsnips,  &c.,  contains  a  sub- 
stance which  he  terms  pectose,  and  which  is  quite  insoluble  in  water, 
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alcohol,  and  ether-     It    possesses   the   characteristic  property 
becoming  converted,  under  the  iuHuence  of  dilute  acids^  aided  by 
a  gcsotle  heat,  into  pectin, 

Peciin  may  be  obtained  from  the  juice  of  ripe  pears  or  applesi 
by  throwing  down  the  lime  which  they  contain  by  the  cautious  i 
addition  of  o\alic  acid,  and  then  adding  a  concentrated  solution  of 
tannin  so  long  as  it  occasions  a  precipitate ;  the  albumen  is  thuai 
coagulated,  and  may  be  separated  by  filtration*    On  adding  alcohol] 
to  the  clear  liquid^  the  pectin  is  thrown  down  in  the  form  of 
gelatinous  strings.    If  tins  precipitate  be  redissolved  in  cold  water, 
and  again   precipitated   by  alcoliol,  it  may  be  obtained  tolerably 
pure :   when  dry  it  forms  a  friable  mass^  which  is  soluble  in  water|] 
but  insoluble  in  alcohol  and  in  ether.   Its  aqueous  solution  is  some- 
what viscous :    it  gives  a  gelatinous  precipitate  when  mixed  with 
basic  acetate  of  lead,  but  none  with  the  neutral  acetate  of  thisl 
.metal.      Pectin  exerts  no  action  on  polarized  light.      When  boiled 
iffith  water  it   loses  its  viscosity,  and    becomes  converted   into  a 
modification  (parapecHn),  which  occasions  a  precipitate  in  a  solution  1 
of  neutml  acetate  of  lead.     If  boileil  with  dilute  acids,  an  isomeric] 
substance    (metapectin)    is  formed,    which    occasions  a  precipitate! 
when  mixed  with  a  solution  of  chloride  of  barium. 

Pectic  acid  (2  liO^Cs^ll^jOg^;  Fremy). — All  the  above  modifica- 
tions of  pectin  are  rapidly  converted  into  pectic  acid  by  being  treated] 
with  a  solution  of  a  caustic  alkali,  or  of  an  alkaline  carbonate,  carel 
being  taken  to  avoid  any  excess  of  the  alkali.  Pectic  acid  ia^ 
characterized  by  its  gelatinous  nature,  whence,  indeed,  it  derives 
its  name  (from  Trn/crKV  a  jelly).  It  forms  soluble  compounds  with 
the  alkalies^  but  they  do  not  crystallize  ;  the  other  i>ectates  are  ^M 
{n»ohible.  Pectic  acid  is  likewise  soluble  in  many  of  the  salts  of  ^^ 
ihe  alkalies.  It  is  most  easily  obtained  by  boiling  the  washed  pulp 
of  carroU  or  turnips  in  a  weak  solution  of  carlxjuate  of  soda  ;  ^ 
pectate  of  80<la  is  thui*  formed  by  the  action  of  the  alkali  upon  I 
the  insoluble  pectose  contained  in  the  vegetable  tissue;  andoaj 
inixing  the  solution  with  chloritle  of  calcium  a  gelatinous  pectate 
^pf  lime  i»  precipitatcxl.  This  is  to  be  well  washedj  and  tre^ited 
with  dilute  hydrochloric  acid,  which  removes  the  lime^  leaving  the] 
pectic  acid  as  a  ivBmpj^^^it  insoluble  jelly. 

If  this  jelly  te  long  boiled  with  water  it  is  gradually  dissolved,  I 
und  a  deliquetoodii  iiMOiuUt^  acM  ia  the  result  (parapectic  acid) A 
which  yields  a  precipitate  with  chlor'ulc  of  barium.  Parapectic  i 
acid  ill  itM  turn,  uhcu  treated  with  alkalies,  passes  into  another  j 
lirjcr^  stalli;&ablc  acid;  the  rf^tapectic^  wt^icb  has  a  strongly  aourj 
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taste ;  it  is  no  longer  prccipitable  by  chloride  of  barium,  though 
it  yields  a  precipitate  with  subacetatc  of  lead. 

According  to  Fremy,  pectin  is  susceptible  of  a  specific  fermen- 
tation, produced  by  a  peculiar  substance  which  is  present  in  the 
cellular  tissue  of  the  vegetable.  This  change  is  not  attended  by 
any  disengagement  of  gas,  but  simply  by  the  conversion  of  the 
soluble  pectin  into  two  gelatinous  acids,  which  are  insoluble  in 
water :  one  of  these  acids  he  terms  pectosic  acid.  It  is  almost 
insoluble  in  cold  water,  but  becomes  dissolved  by  boiling  water, 
and  the  liquid  gelatinizes  on  cooling.  This  acid  appears  to  be 
the  one  formed  in  the  first  instance,  but  it  gradually  passes  into 
a  second,  which  is  the  pectic  acid  already  described;  the  gela- 
tinizing of  many  juices  of  fruits  arises  from  the  gradual  con- 
version of  the  pectin  which  they  contain  into  these  gelatinous 
acids.  The  composition  of  these  gelatinous  bodies  cannot  be  said 
to  be  established  with  certainty ;  since  there  is  no  means  of  deter- 
mining whether  or  not  they  have  been  prepared  in  a  pure  condition, 
nor  is  it  easy  to  procure  them  in  a  uniform  state  of  desiccation. 
But  whatever  may  be  the  true  comix)sition  of  these  bodies,  it  is 
clear  that  pectose  is  readily  susceptible  of  modification  under  the 
influence  of  acids,  of  alkalies,  and  of  a  peculiar  ferment  contained 
in  the  plant  or  fruit  itself;  and  these  modifications  are  probably 
connected  with  the  assimilation  or  separation  of  the  elements  of 
water.  None  of  these  compounds  exert  any  rotatory  action  upon 
polarized  light,  a  character  which  indicates  an  imi)ortant  molecular 
distinction  between  them  and  the  class  of  sugars.  All  these 
closely  related  bodies,  it  may  be  observed,  contain  oxygen  in  larger 
proportion  than  would  be  required  to  convert  their  hydrogen  into 
water.  When  treated  with  nitric  acid  they  furnish  mucic  and 
oxalic  acids. 

Fremy  assigns  to  these  diflerent  bodies  the  composition  given 
in  the  following  table,  but  the  formula  require  confirmation : — 


Pectose  .  .  . 
Pectin  .... 
Parapectin  .  . 
Metapectin  .  . 
Pectosic  Acid  . 
Pectic  Acid  .  . 
Parapectic  Acitl 
Metapectic  Acid 


Composition  unknown. 
2  no.  L,,H,„U5,.     HO 

2 110.  v^nj.}^ 
2  no.  c^H.^Oji 
2  HO,  c;h,o, 


Not  gelatinous. 
Viscous. 
Not  gelatinous. 
Not  gelatinous. 
Gelatinous. 
Gelatinous. 
Not  gelatinous. 
Not  gelatinous. 


§  IV.  Cellulose  and  Woody  Fibre. 

(944)  Cellulose   (C30H30O30). — If  a  thin  slice  of  wood  be 
examined  under  the  microscope,  it  is  immediately  apparent  that  it 
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ia   not  a  lioraogeneoxis  struct ure^  but   that  it  is  composed  of*^ 
cellular  or  fibrous  sub&tance^  the  tc^tture  of  which  assumes  a  dtf*  | 
ferent  appearance,  according  as  the  slice  has  been  cut  across  the 
grain  of  the  wood,  or  parallel  to  it.     This  ligneous  fibre,  or  true 
woody  matter,  consists,  according  to  the  researches  of  Payeu,  of  | 
two  essentially  dls^tinct  portions.    One  of  these,  which  has  received 
the  name  of  ce/luiose,  is   the  ba-^ement  tissue,  found  in  all  vcge* 
tables ;  it  is  nearly  pure  in  cotton,  linen,  elder  pith,  and  in  the  | 
pith  of  the  AraUa  Papynftra  (Hooker),  from  which  rice  paper  is  ' 
prepared  \  the  other  is  a  deposit  of  incrusting  matter  which  lines 
the  interior  of  these  cellules  in  amorphous  layers,  varj'ing  in  thick- 
ness according  to  the  age  or  chanu'ter  of  the  ligneous  substance. 

Cellular  tissue  forms  the  groundwork  of  every  plant,  and  when 
obtained  in  its  pure  ^tate,  its  composition  is  the  same,  whatever  j 
may  liuve  been  the  nature  of  the  plants  which  furnished  it,  though 
it  may  vary  greatly  in  appearance  and  |)hyg^ical  characters ;  thus  it  is 
loose  and  sjx}ngy  in  the  succulent  shoots  of  germinating  seeds,  and  \ 
in  the  roots  of  plants  *iich  as  the  turnip  and  potato ;  it  is  porous  i 
and  elastic  in  the  pitli  of  the  rush  and  the  elder;  it  is  flexible  and 
tenacious  in  the  fibres  of  hemp  and  flax;    it  is  compact  in  the  | 
branches    and    wood  of   growing   ti-ees,   and  bc^^omes  very   hard 
aud  dense  in  the  t^hells  of  the  filbert,  the  peach,  the  cocoa-nut,  and 
the  PhyteiephaSf  or  vegetable  ivory.      Vegetable  cellular  tissue, 
its  succuleiit  form,  is  easily  digestible,  bat  where  it  has  become 
compact  aud   iuerustcd  with  true  woody  matter,  as   in  the   hu:sk3 
of  tlic  seed,  and  in  the  hard  portions  of  the  stems,  aud  even  when 
simply  condensed   into   tenaeions   fibres,  like  those  of  hemp  and 
flax  J  it  is  no  longer  digestible,  or  in  a  condition  to  serve  as  nutri- 
ment to  the  liigher  ordei^  of  animals.  | 

It  is  scarcely  possible  to  obtahi  cellulose  in  a  state  of  purity 
from  ligneous  tissue  by  artificial  means,  since  the  incrusting 
woody  matter,  when  once  deposited  within  its  meshes,  is  retained 
with  great  obstinacy ;  but  it  is  presented  in  a  pure  condition  in 
finely  ciu*dod  cotton,  in  linen,  and  in  the  fnicst  knids  of  filtering 
paper ;  to  tliesc  sources  the  chemist  usually  has  recourse  when  he 
desires  to  examine  the  properties  of  cellulose , 

Pure  cellulose  is  a  white,  tasteless  substance,  insoluble  in 
water,  alcohol,  ether,  or  oils.  It  is  heavier  than  water:  its  fibres 
arc  ti-ansparent,  antl  exert  a  dc|iolanzing  influence  upon  a  ray  of  j 
polarized  light.  Cold  concentrated  sulphuric  acid  dissolves  it, 
and  produces  a  treacly  liquid,  converting  it  at  first  into  dextrin, 
aud  subsequently  into  grape  sugar.     Weak  acids  exert  but  little  < 
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effect  upon  cellulose^  but  the  actiou  of  these  and  of  all  other  sol- 
vents is  materially  greater  upon  the  recently  formed  cellules  than 
upon  the  old  ones.  Alkaline  liquids  when  dilute  do  not  act  upon 
cellulose,  but  when  concentrated  they  gradually  destroy  its  texture. 
A  solution  of  chlorine  acts  but  very  slowly  upon  cellulose. 

Cellulose,  in  its  natural  state,  is  not  coloured  blue  by  iodine ; 
but  after  it  has  been  digested  for  a  short  time  with  sulphuric 
acid,  it  becomes  of  a  fine  blue  when  free  iodine  is  added.  This 
reaction  is  sometimes  serviceable  in  the  microscopic  examination 
of  vegetable  tissues ;  cellulose  being  thus  easily  distinguished  from 
tissues  into  the  composition  of  which  nitrogen  enters.  By  the 
prolonged  action  of  sulphuric  acid,  the  property  of  being  coloured 
blue  by  iodine  disappears,  the  dextrin  and  sugar  which  are 
formed,  not  being  susceptible  of  the  blue  coloration. 

The  reactions  with  nitric  acid  about  to  be  described,  show  that 
the  formula  of  this  substance  cannot  be  less  than  C3OH3OO30. 

(945)  Pyroxylin  or  Gun  Cotton  (CjgHji,  9  NO4,  O30,  Iladow). 
— ^When  cellulose  in  any  form,  such  as  cotton,  tow,  linen,  saw- 
dust, or  paper,  is  dipped  into  a  mixture  of  equal  mcasiu^s  of 
oil  of  vitriol  and  of  nitric  acid  of  sp.  gr.  1*530,  no  change  of  form 
ensues^  but  a  remarkable  chemical  alteration  takes  place ;  a  cer- 
tain number  of  equivalents  of  hydrogen  are  abstracted,  and  an 
equal  number  of  equivalents  of  peroxide  of  nitrogen  (NO4)  supply 
their  place.  The  fibre  in  undergoing  this  change  becomes 
increased  about  82  per  cent,  in  weight  (Iladow),  and  acquires 
completely  new  properties.  In  order  to  prepare  this  remarkable 
body,  called  ffun  cotton  by  its  discoverer,  Schonbein,  1  part  of  finely 
carded  cotton  is  immersed  in  1 5  parts  of  a  mixture  of  equal  mea- 
sures of  strong  nitric  acid  (sp.  gr.  1*5),  and  sulphuric  acid  (sp.  gr. 
1*845).  ^^^  cotton  must  be  completely  immersed  in  the  mix- 
ture, otherwise  it  becomes  so  hot  as  to  undergo  instant  decomposi- 
tion. After  a  few  minutes'  immersion  it  must  be  plunged  into  a 
large  volume  of  cold  water,  and  then  washed,  so  long  as  the  least 
trace  of  acid  is  perceived  when  the  moist  mass  is  placed  upon 
litmus  paper ;  it  is  then  carefully  dried  at  a  temperature  below  2 1 2°. 

Pyroxylin,  as  thus  prepared,  scarcely  differs  from  unchanged 
cotton  in  appearance ;  it  is  white  and  fibrous,  rather  harsh  to  the 
touch,  and  when  examined  by  the  microscope  in  a  beam  of  polarized 
light,  it  is  found  to  have  lost  the  property  of  depolarization  which 
ordinary  cotton  possesses.  It  is  somewhat  hygroscopic,  but  when 
dry  it  is  an  excellent  insulator  of  electricity,  and  becomes  highly 
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electrical  by  the  mere  opcnitiou  of  pulling   it  out  in  the  fingers* J 
Pyroxylin  ia  insoluble  in  water,  alcohol,  and  dilute  acidn,  but  it 
soluble  in  acetic  ether  and  in  acetate  of  metbyh      Pota*h  difiaolv< 
it  freely,  and  the  solution  contains  a  quantity  of  sugar  and  a  mix- 
ture of  nitrate  and  nitrite,  as  well  as  of  oxalate  of  potnsh*      Ain*l 
Imonia,  when  mixed  with  ether,  also  dissolves  it,  and   leaves  it  by 
spontaneous  c%^aporation  in  a  pulverulent  form.      The  solution  in. 
potash  contains  a  pecidiar  acid  (resembling   the  saccharic),  whiclll 
yields  an  insoluble  precipitate  witb  acetate  of  lead.      The  alkaline 
solution  of  pyroxylin,  w hen  mixed  with  amnionia-nitrate  of  silver^. 
and  gently  heated,  reduces  the  silver  in   the  form  of  a  film  upoftl 
the  suiface  of  the  glans,  producing  a  brilliant  niirror-like  surface;] 
carbonic  acid  is    discuf,ragcd   with  elierve^cencc   during  the    re- 
I  action  upon  the  silver  salt. 

Strong  sulphuric  acid  dissolves  pyroxylin  in  the  cold  without 
the  evolution  of  gas,  and  the  liquid  is  not  rendered  turbid  by 
dilution.       If  the    pyroxylin  be  pure,  the  solution  is  colourless,] 

I  but  it   is  brown  if  any  unaltered  fibres  of  cotton  remaiu   in  thoj 
inaas.      Nitric  acid  in  the   cold  is  without  action  uiKin   it,   but  ifl 
the  acid  be  h€*ated,  it  gradually  dissolves  tlic  pyroxylin,  and  ouj 
dilution  dejwsits  it  again.      By  l>oiling  it  with  the  acid  it  is  decora- 
poised,  red  fumes  escape,  and  dilution  then   causes  no  precipitate. 
Pyroxylin  may  he  reconverted  into  ordinary  cotton,  according  to  I 
the  observation  of  Mr.  Iladow,  by  digestion  at  ordinary  tenijjera- 
tnres   in    an    alcoholic    solution    of  hyrlrosulphide   of   pota^isiumj 
(KS,  HS),  and  the  cliauge  may  be  effected  still  more  rapidly  if 
heated  with  it.      M.  Bt'cbamp  found  that  a  similar  reduction  takes 
pla(-'e  when  the  pyroxylin  in  acted  upon  l>y  protoehloritk'  of  iron. 

Tlie  most  remarkable  property  of  pyroxylin  is  the  fatality  witlil 
which  it  takes  fire,  and  the  rapid  and  complete  manner  of  its  com- 
bustion. In  the  open  air  it  burnn  with  a  tSash,  but  without  cither 
smoke  or  report  -,  a  temperature  just  below  that  of  400°  is  sufficient 
to  inflame  it,  being  nearly  200^1es*s  than  that  reipiired  to  ignite  gun- 
powder.  In  the  open  air,  pyroxyhn  burns  more  rapidly  than  gun- 
powder, but  if  com  presided  so  avS  to  form  a  fusee,  its  rapidity  of 
combustion  may  be  reduced  below  that  of  i>owder,  and  the  more 
it  is  compressed  the  blower  is  the  combustion.  If  it  he  fired  in 
a  confined  space  it  produces  violent  explosive  effects  from  the 
suddenness  of  its  combui^tion,  and  from  the  large  quantity  of 
gaseous  matter  which  it  furnmhes.  The  extreme  suddenness  of  its 
infiamraation,  and  the  short  space  of  time  during  which  its  pro- 
pulsive force  is  exerted,  produce  both  greater  strain  upon  the  gun- 
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barrel^  and  less  effect  upon  the  ball,  in  consequence  of  which  it 
appears  to  be  less  eligible  as  a  projectile  agent  than  gunpowder.  In 
certain  cases,  such  as  in  mining  operations  in  hard  and  brittle 
rocks,  it  may  be  beneficially  employed,  as  it  may  be  driven  into 
borings  above  the  head  of  the  miner,  and  if  mixed  with  nitre  in 
quantity  sufficient  to  convert  the  whole  of  the  carbon  into  car- 
bonic acid,  it  produces  much  less  fume  and  noxious  gases  than 
gunpowder;  in  addition  to  which  it  has  the  great  advantage  of 
leaving  no  *'  train''  by  leakage  from  the  vessels  in  which  it  is  stored 
up.  Exposure  to  damp  and  even  prolonged  immersion  in  water, 
produces  no  deterioration  in  the  explosive  quality  of  this  compound 
when  it  is  again  dried. 

During  the  combustion  of  pyroxylin  a  large  volume  of  steam 
is  generated,  mixed  with  a  variable  proportion  of  carbonic  acid, ' 
carbonic  oxide,  and  nitrogen  gases ;  traces  of  nitric  acid  and  of 
cyanogen  are  also  formed.  Considerable  difference  prevails  in  the 
statements  of  different  experimenters  respecting  its  propulsive 
power  as  referred  to  that  of  gunpowder :  all  agree  that  weight  for 
weight  its  explosive  force  is  much  greater,  some  say  three  times 
as  great,  others  four  times  that  of  the  best  musket  powder.  Accord- 
ing to  the  experiments  of  a  Commission  appointed  by  the  French 
Government  to  examine  the  question,  the  explosive  power  appears 
in  some  measure  to  depend  upon  the  degree  of  compression  of  the 
pyroxylin  in  the  charge ;  as  a  mean  result,  the  pyroxylin  produced  an 
effect  equal  to  that  of  about  three  times  its  weight  of  gunpowder. 

The  results  of  Mr.  Hadow's  experiments,  (Q.  7.  Chem,  Soc, 
vii.,  208),  serve  to  explain  the  conflicting  statements  relative  to 
the  properties  and  composition  of  this  remarkable  substance.  It 
appears  from  this  enquiry  that  the  coaiposition  of  gun  cotton  differs 
according  to  the  degree  of  concentration  of  the  acids  employed  in 
its  formation,  and  that  at  least  four  different  and  definite  com- 
pounds may  be  formed,  having  the  following  composition  : — 


A     =      C3, 

r 

9  NO, 

] 

o» 

B     =     C3, 

{ 

8  NO4 

O30 

C     =     C„ 

1. 

7  NO, 
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D    =     C«, 

1. 

6  NO, 
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When  equal  measures  of  the  sulphuric  and  nitric 
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employed,  eacTi  in  the  hifjhest  decree  of  concent  ration, 
pound  A  is  formed  :  it  i^  Ingldy  explosive,  soluble  in  aoetk 
ether,  and  insoluble  in  any  mixture  of  alcohol  and  ether.  If  1 
acids  used  be  of  a  strength  intermediate  between  HO,  N( 
2  (HO,  S03)+3  aq,  and  HO,  NO5  +  2  (HO,  803)4-4  aq, ' 
compound  B  is  produced  :  it  is  less  explosive  than  A,  is  insoluble 
in  acetic  acid,  but  soluble  in  a  mixture  of  seven  parts  of  ether  and 
one  i»art  of  alcohol*  !Mixcd  acids  of  tlie  strcn^tli  HO,  NO^H- 
2  (HO,  SO3)  H-  4  aq,  produce  the  compoimd  C,  which  is  largely 
soluble  both  in  ether,  and  in  glacial  acetic  acid  ;  it  is  highly 
couibustiljlc,  but  scarcely  explosive.  The  compound  D  is  foro 
when  acids  containing  five  equivalents  of  water  are  used : 
soluble  in  ether  and  iu  glacial  acclic  acid  :  the  ethereal  sok 
'on  evaporation  leaves  an  opaque  \\Ki\e  film;  but  the  ethereal 
solutions  of  all  the  other  varieties  leave  a  transparent  film  wheni 
allowed  to  evaporate. 

M.  Bcehamp  (Ann.  de  Chhnie,  III.,  xlvi.  338),  still  adher 
the  formula  (C24II17O17,  5  NO5)  proposed  by  PelouKe,  as  repr 
iiig  gun  cotton  (the  compound  which  contains  the  largest  amc 
of  NO  J;  hot  bis  aualyticJil  results  do  not  satisfactorily  accord  with 
the  formula  wliich  he  adopts,  and  cannot  be  reconciled  with  the 
occurrence  of  nitrite  of  potas^b  in  the  solution  which  is  formed 
when  gioi  cotton  h  treated  with  a  cohl  solution  of  the  alkali.  | 

CoiiodiofL — The  solution  of  pyroxylin  in  a  mixture  of  ethe^ 
and  alcohol  is  known  under  the  name  of  collodion.  When  thi( 
solution  is  exposed  to  the  air  for  a  few  moments  in  the  form  of  3) 
thin  layer,  the  solvent  evaporates,  leaving  the  pyroxylin  as  a  tran» 
parent  membranous  pellicle.  Collodion  has  been  applied  tC 
excoriated  surfaces*,  for  the  purpose  of  forming  an  artificial  ski: 
in  order  to  protect  them  from  the  action  of  the  air  i  hat 
most  extensive  application  is  in  the  preparation  of  a  sensitive 
pareiit  surface  for  the  reception  of  pitotograpbic  images  (884)^ 
by  diffusion  over  plates  of  glass,  after  it  has  been  duly  impreg' 
nated  with  a  soluble  iodide.  On  immersing  the  film  into  a  soluj 
tion  of  nitrate  of  silver^  the  whole  surface  becomes  impregnatei 
with  iodide  of  silver  in  the  most  favourable  condition  for  thereccp 
tion  of  photographic  impressions.  According  to  Mn  Hadow,  thi 
compound  B  is  that  which  h  best  fitted  for  the  preparation  ^ 
photographic  coHodion,  The  temperature  at  which  the  compoum 
is  formed,  has  a  very  material  intkiencc  uix>n  the  mechanical  qun 
lities  of  the  collodion.  If  the  temperature  he  not  raised  to  lad 
or  upwards  tho  solutian  U  viscid  and  glairy^  and  doea  not  diffusa 
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itself  readily  over  the  glass.  The  successful  preparation  of  a  good 
photographic  collodion  requires  attention  to  a  number  of  minute 
precautions^  many  of  which  are  detailed  in  the  paper  of  Mr. 
Hadow  already  quoted. 

(946)  Nitrous  Derivatives  from  Sugar  i^c,  allied  to  Pyroxy- 
lin.— Other  substances  besides  cellulose  may  be  converted  into 
bodies  more  or  less  analogous  to  pyroxylin,  by  the  action  of 
a  mixture  of  nitric  and  sulphuric  acids.  Powdered  cane  sugar  is 
converted  by  the  same  mixture  of  acids  into  a  bitter  yellowish 
mass  of  resinous  appearance :  it  is  very  slightly  soluble  in  water, 
and  according  to  Sobrero  contains  C12H9,  2  NO4,  On.  A  some- 
what similar  compound  may  be  formed  from  gum  arable,  and  also 
from  milk  sugar.  If  starch  be  treated  with  concentrated  nitric 
acid  it  is  rapidly  dissolved,  and  if  the  viscid  solution  thus  obtained 
be  immediately  diluted  with  water,  a  white  tasteless  insoluble  pre-  , 
cipitate  is  occasioned,  termed  Xyloidin,  which  appears  to  be  a  com- 
pound of  starch  and  peroxide  of  nitrogen,  CijHg,  2NO4,  O^,,  ana- 
logous to  the  foregoing.  But  the  most  remarkable  body  belong- 
ing to  this  class  is  one  which  is  produced  when  mannite  is  acted 
upon  by  the  mixture  of  nitric  and  sulphuric  acids.  It  is  insoluble 
in  water,  but  is  readily  dissolved  by  boiling  alcohol ;  the  nitro- 
mannite  (CgH^,  3  NO^  Og)  crystallizes  in  fine  needles  as  the  solu- 
tion cools.  This  compound  explodes  powerfully  by  a  blow  from 
a  hammer.  If  gently  heated  it  may  be  melted,  but  at  a  higher 
temperature  than  that  required  for  its  fusion,  it  explodes,  and 
produces  red  vapours. 

In  all  these  cases  it  will  be  observed  that  the  derivative 
nitrous  compounds  are  produced  by  the  substitution  of  a  variable 
number  of  equivalents  of  hydrogen  by  an  equal  number  of  equi- 
valents of  peroxide  of  nitrogen ;  each  equivalent  of  nitric  acid, 
when  acted  upon  by  an  equivalent  of  hydrogen  derived  from  the 
organic  body,  yielding  one  equivalent  of  water  and  one  of  peroxide 
of  nitrogen ;  NO5  -f-  H  =  NO^  -f  HO.  The  water  is  absorbed 
by  the  sulphuric  acid  contained  in  the  mixture ;  and  the  acid, 
after  its  action  upon  the  organic  compound,  is  found  in  all  cases 
to  have  become  diluted  by  the  water  thus  removed  from  the  body 
submitted  to  its  influence.  The  addition  of  the  sulphuric  acid  in 
these  cases  has  two  advantages,  one  being  the  removal  of  the 
water  produced  by  the  reaction ;  the  other,  tlie  prevention  of  the 
solution  of  the  new  compound,  and  its*  further  alteration  by  the 
nitric  acid.     A  mixture  of  nitric  and  sulphuric  acids  is  now  fre- 
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qiiently  employed   for  the  purpose   of  obtaining   compounds 
which    NO4    is   substituted    for   hydrogen :    nitroglycerin    (Cgl 
2  NO^  Ofl ;  De  ^  rij)  and  various  other  compounds  may  be  obtains 
ju  this  manner  with  facility ;  the  reaction  however  requires  carefd 
watching,  as  it  is  apt  to  become  tuuuiUuously  violent^  and  som€ 
times,  as  in  the  case  of  nitroj^^lycerifl,  the  compounds  which  are 
funned  are  liable  to  explode  during  their  preparation. 


(947)   LiGKiN. — The  incrusting  inattcr  contained  within  the 
cellular  tissue,  which  gives  hardness  to  wood,  is  most  abundant 
the   hcart-wtx^d  of  trees,  and  in  the  hard  slielis  of  many  varietio 
of  nuts.     This  substance  appears  to  be  a  mixture  of  several  prod- 
mate   principles ;    it  contains    a  larger    proportion    of    hydi 
than  cellulose,  the  proportion  of  oxygen   Ijeing  insutiieient  to  eoD 
vert   the  whole   of  the  hydrogen   into   water.      This   inerust 
matter  does  not   appear   to    have  a  uniform   composition   in 
woods.      It  is,  however^  always  characterized  by  being  soluble 
alkaline  liquids,  though  it  is  insoluble  in  water.      Sulphuric 
chars  it,  aud  an  aqueous  solution  of  chlorine  attacks  and  dissolve 
it.      When   submitted   to    distillation  in   close  vessels,  it  evolve 
ficetic  acid ;  and  it  is  found   that  the  hai'der  the  wood,  and  the 
larger  tlie  proportion  of  this   iuerusting   substance  which  it  con- 
tains, the  greater  is  tlie  proportion  of  acetic  acid  which  is  fur- 
nished   when    equal  weights   of  diifcrent   woods  are  subjected   to 
destructive  distillation.  When  ligneous  fibre  is  heated  with  hydrat^J 
of  potash  an  oxalate  and  acetate  of  the  base  are  formed*  ^| 

The  ligneous  matter  is  generally  deposited   in  a  state  of  mix- 
ture with  a  variable  quantity  of  resinous   matters,  which   colou 
the  wood  and  increase  its  intlainmal>ility,      A   certain   proportic 
of  saline  matter  is  also  contained  in  the  deposited  tibre,  as  well 
small  quantities  of  comjiounds  containing  nitrogen* 

The  applications  of  cellulose  and  of  hgneous  fibre  in  the  arts  i 
numerous  and  of  great  importance.      Besides  its  every-day  use 
the   form  of  wood,    the   hbre   constitutes  the    basis  of  all   line 
cotton,  and  hempen  goods ;  and  after  tliesc  substances  have  cc 
to  be  serviceable  as  textile   fobrics,  they  arc  still,  in  the  hands  of 
the  paper-maker,  convertible  into  a  material  scarcely  less  valuable. 

(948)    Paper-making, — ^The   mgs   which  are   employed   in  the 
manufacture   of  paper    are   sorted^  according    to   the   material  ofifl 
which  they  consist,    into  linen,  cotton^  hempen,  and  woollen,  and™ 
are  afterwards  further  separated  into  white,  coloured,  and  black. 
The  seams  and   knots   ai'c   cut  outj  aud   the  rags  ai*e  then  w< 
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bcatcD  to  get  rid  of  dust  and  dirt.  Coloured  rags  can  be  era- 
])Ioyed  in  tlie  preparation  of  writing-paper  if  they  be  firi^t  bleached 
by  the  action  of  chlorine,  which  is  often  applied  to  them  in  the 
gaseous  form.  For  this  purpose  they  are  mois^tenedj  and  placed 
on  perforated  shelves  in  wooden  or  stone  eharabers»  into  which 
the  ^is  is  transmitted.  An  excess  of  chlorine  miuat  be  carefully 
avoided,  a«  it  is  liable  to  enter  into  chemical  combination  with 
the  tibrc,  and  by  displacing  a  portion  of  the  hydrogen,  to  form  a 
suKstttution  comjiound,  which,  being  destitute  of  tenacity,  forms  a 
brittle  paper.  Frequently,  however,  the  rn^,  after  having  been 
reduced  to  the  form  of  pulp,  are  bleached  by  meiins  of  chloride  of 
lime.  In  all  cases  it  is  necessary  to  ensure  the  removal  of  the  last 
traces  of  chlorine,  which  would  not  only  cause  the  paper  to  become 
brittle,  but  when  the  paper  is  used  for  manuscript  purposes,  would 
gradually  difjchai-ge  the  ink.  The  removal  of  the  chlorine  is 
effected  by  the  addition  of  a  small  quantity  of  sidphite  or  of 
hyposulphite  of  soda;  by  which  the  chlorine  18  converted  into 
chloride  of  sodium,  and  the  sulphite  into  sulphate  of  soda^  whiltit 
sulphiu"ous  acid  is  set  free : — 

2  (NaO,  SOj)  +  CI  ^  NaCl,  4-  NaO,  SO3  +  SO^. 

The  rags  having  been  partially  cleansed,  either  in  their  bleached 
or  unbleached  condition,  ai'e  reduced  by  mechanical  means  into  a 
fibrous  paste,  or  smooth  unifonn  pulp,  with  water.  This  pulp  is 
then  extended  over  wire  strainers  in  a  layer  of  uniform  thicknesSj 
which  when  drained  forms  a  film  of  paper.  If  this  be  simply 
dried  and  pressed  it  forms  hlotHntf,  or  fiifenng  paper,  and  is  too 
porous  to  be  used  as  writing-paper.  In  order  to  fit  it  for  the  ink, 
it  is  jfized,  or  coated  with  a  mixture  of  wc4ik  fine  glue  and  alum, 
by  which  means  it  is  rendered  less  permeable  to  w^ater.  Many 
manufacturers  mix  the  size  with  the  pulp  before  it  is  made  into 
sheets,  but  in  this  case  it  is  necessary  to  employ  a  siae  of  a  dif-* 
ferent  description  to  that  which  in  applied  to  the  finished  sheets. 
The  size  which  is  to  be  mixed  with  the  pulp  usually  consists  of  a 
mixture  of  three  parts  of  a  resinous  soap  and  two  parts  of  starch, 
to  which  a  small  quantity  of  alum  is  added. 

Of  all  the  numerous  materials  which  have  been  tried  as  the 
liasis  of  paper,  none  has  been  found  so  well  adapted  for  the  pur- 
pose as  linen  rags.  Straw  has  been  used  to  some  extent  as  a  mate- 
rial for  pa|>cr,  and  it  w^as  at  one  time  thought,  owing  to  the  abun- 
dance and  cheapness  of  this  substance,  that  it  might  be  made  a 
[valuable   substitute  for   rags,    the  supply  of  which    is   becoming 
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itiadecjuate  to  meet  the  (leniaud  ;  but  the  loss  of  material,  fron 
its  brittle  nature,  during  the  process  of  manufacture^  and  othe 
uiiforeseeu  fir^'umstauees,  more  than  counterbalanced  the  advaal 
tage  gained  from  the  abundance  of  the  supply. 

(949)  Gemral  Remarks  on  Starch  and  Woody  l^&re.— Tlia 
facts  ah-eady  nientioued  show  the  ready  couvcrtibility  of  tl 
organisetl  bodies,  starch  and  ligniu,  into  othei*s  which,  though 
organic  origin,  are  yet  devoid  of  structure,  and  therefore  of  a  le 
complicated  nature.  In  most  cases  great  similarity  exists  in  thJ 
liltimale  constitution  of  these  bodies,  many  ha\Hng  identically  thi 
same  composition  as  those  from  which  they  are  derived ;  others,  il 
not  identical,  differ  among  each  other  ojily  in  the  presence 
absence  of  one  cquivaknt  or  more  of  water.  It  is,  therefore,  no 
Bni"prising  that  a  gradual  transition  should  occur  from  the  clab 
rate  arrangement  of  the  dense  and  compact  tissue  of  the  wc 
into  the  comparatively  loose  texture  and  low  organization 
starch ;  the  ligneous  tissue  undergoing  modifications  of  densit 
which  gradually  diminish  from  tlie  compact  structure  of  the  liffna 
vita*  to  tlic  spongy  cells  of  the  fungus,  or  lichen.  The  tissue 
the  Iceland  moss,  for  example,  presents  a  close  analogy  with  starch  j 
it  is  gradually  disintegrated  by  boiling,  it  swells  up  to  a  gelatinoti 
mass,  and  yields  a  magma  colourable  by  iodine :  thence  we  arrive 
at  true  starch,  and  gradually,  as  the  organization  of  this  lx>dy 
broken  up  by  tlic  successive  action  of  chemical  agents,  the  additic 
of  iodine  produces  a  coloration  less  and  less  intense,  until  in  th( 
perfect  fur  unit  ion  of  dextrin  it  disapiiears  altogether;  and  at  length 
in  cane  sugai*,  in  place  of  the  cellular  litructure,  crystalline  form 
becomes  apparent.  M 


(950)  On  the  Decay  of  Woody  Flf^e^  and  the  means  of  pre^ 
venihiff  it. — When  wood  in  a  moist  state  is  exposed  to  the  air,  it 
gradually  undergoes  decomposition;  a  species  of  fermentation  i» 
occasioned  by  the  nifcrogeuized  constituents,  in  conscquenoe  of 
which  oxygen  is  al)sorbed,  carbonic  acid  and  water  are  cxhaledjM 
and  the  wood  crumbles  down  into  a  blackish  brown,  vegetabl^^ 
mould,  called  humus,  ulmln,  or  (/eln.  This  decay  occurs  most 
rapidly  iu  young  sjM>ngy  wood,  as  this  contains  a  proportionate!; 
larger  quantity  of  the  alburainoua  substance  than  the  haitler 
older  portions. 

These  changes  arise  principally  from  the  porous  texture  of  t: 
ligneous  constituents,  and   the  presence  of  a  certain  quantity 
matter    coutainmg   nitrogen^    and    closely    resembling    albums 
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Wood^  especially  when  under  the  influence  of  atmospheric  vicissi- 
tudes^ is  rendered  liable  to  decay  from  the  decomposition  of  its 
albuminous  component ;  this  circumstance  favours  the  growth  of 
lichens  and  fungi^  and  encourages  the  ravages  of  insects^  to 
which  the  albuminous  portions  in  particular  afford  the  means  of 
nutriment.  It  is  obviously  a  matter  of  high  importance  to  protect 
the  wood,  as  far  as  possible,  from  these  influences.  A  superficial 
coating  of  some  substance,  impervious  to  air  and  moisture,  answers 
this  object  in  great  measure,  so  long  as  it  is  maintained  entire. 
Such  a  coating  is  usually  supplied  by  the  application  of  layers  of 
resinous  or  oily  matter,  which,  if  needful,  may  be  thickened  with 
metallic  oxides ;  as  in  the  ordinary  processes  of  tarring  and  paint- 
ing. But  a  more  effectual  method  of  preservation  consists  in 
steeping  the  wood,  sail-cloth,  cordage,  or  other  similar  materials^ 
for  a  given  time  in  certain  saline  solutions,  among  which  one  of 
corrosive  sublimate  is  the  most  effectual.  A  solution  of  this  salt^ 
containing  from  ^Vth  to  yVth  of  its  weight  of  the  mercurial  salt, 
is  employed  in  Kyan's  process  for  preserving  wood  from  dry 
rot.  The  object  is  still  more  completely  attained  by  the  pro- 
cess of  M.  Boucherie.  He  cuts  down  the  tree,  and  whilst 
the  leaves  in  great  measure  remain  attached  to  it,  he  at  once 
immerses  the  lower  extremity  of  the  trunk  in  the  saline  liquid, 
which  usually  contains  about  i  per  cent,  of  raw  acetate  of  iron,  or  of 
sulphate  of  copper.  The  sap  contiuues  to  rise  in  the  yet  green 
wood,  and  carries  with  it  the  preservative  agent  into  the  minutest 
ramifications.  It  is  not  even  necessary  to  cut  the  tree  completely 
down ;  for  it  suffices  nearly  to  sever  the  trunk  close  to  the  roots, 
and  to  make  around  the  tree  a  sort  of  trough  of  clay,  into  which 
the  solution  is  poured,  and  whence  it  is  rapidly  absorbed. 

Products  of  the  Decay  of  Woody  Fibre. — ^When  vegetable 
mould,  or  mouldered  wood  from  the  trunk  of  a  decaying  tree,  is 
digested  in  a  weak  solution  of  potash  or  of  soda,  a  brown  liquid  is 
obtained,  from  which,  on  the  addition  of  an  acid,  a  blackish  brown 
precipitate  is  obtained.  This  precipitate  is  readily  soluble  in 
alkalies,  and  always  retains  a  considerable  proportion  of  nitrogen. 
It  is  regarded  by  Mulder  as  a  mixture  of  three  substances,  none 
of  which  is  crystallizable,  but  which  he  considers  as  compounds 
of  water,  or  of  water  and  ammonia,  with  three  different  acids,  viz., 
I.  Geic  acid,  C^^HiaOi^;  2.  Humic  acid,  C^oHjaOig;  and  3.  Ulmic 
acid,  C4oH|40i2*  These  substances  are  obviously  the  product 
of  vegetable  matter  in  stages  of  decay  more  or  less  advanced. 
Mulder  found  the  brown   substances  formed  by  the  prolonged 
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action  of  dilute  acids*  at  a  boiling  temperature  upon  su^tir,  to 
semblc  the  ulmie  and  huraic  acids  from  mould,  both  in  comix 
sition  and*  in  pmpcrties.  Besides  these  acids,  Berzelius  haftj 
pointed  out  the  existence  of  two  other  allied  bodies,  which  hare 
received  the  names  of  crenic  and  apocrenic  acids  (from  jcpffv?! 
spring) ;  they  have  been  found  in  many  mineral  waters,  and 
accuniulate  in  the  tydiry  deposits  that  occur  aronnd  the  margiii 
of  ferruginous  springs,  Crenic  acid  (3  HO,  C^HigOj^  Alulder)! 
has  al^  been  found  associated  with  ammonia  in  vegetJiblfl 
mould.  It  forms  a  yellow  sukition,  which  retains  ammonia  wit 
obstinacy,  and  rupiiily  absurbs  oxygen,  becoming  convertc 
into  Apocrenic  acid  (2  110,  C^^HimO^^,  tinkler)  ;  the  latter 
fVjrms  a  brown  solution  in  water,  and  also  retains  ammonia  strongly,! 
Indeed,  this  propej-t)^  of  retaining  am  mama  with  obstinacy  is 
characteristic  of  those  imperfectly  detined  acid  proflucts  whicli 
are  fbruK'd  during  the  decay  of  ligneous  matter,  and  it  is  con- 
nected in  an  imp(jrtiint  maimer  with  the  fmictions  which  they  ' 
subserve  in  supplying  nutriment  to  growing  vegetables,  towai'ds  thofl 
8upi>ort  of  which  tliey  contribute  largely. 

By  the  decay  of  herbaceous   and   aquatic   plants  in  marshy 
soils,  a  material   somewhat  mmilar  to  humus   is  foniied,  whicb 
aecuuitdutes  in  beds  often  of  great  depth  and  extent,  eonstitutir 
peat   boys.     Dried   peat   is  found   upon  analysis  to  yield  a  large 
proportion  of  carbon  than  woody  fibre;    it  likewise  contains  an 
excess  of  hydrogen  over  the  oxygen. 

The  process  of  decay  in  ligucous  tissue  is  liable  to  considerably^ 
variation,  according  as  it  is  allo^ved  to  take  place  with  free  acees^f 
of  air,  or  is  effected  under  water  with  but  a  Fcanty  supply  of  oxygen 
from  without^  AVheu  the  atmosphere  has  free  access,  Sanssure  found 
that  the  oxygen  of  tlic  air  is  converted  into  an  equal  volume 
carbonic  acid,  while  at   the   same  time  a  large  quantity  of  wat 
is    evolved.       According    to    Hermann,    a    small    proportion 
nitrogen   is  absorbed  during  the  process^  and  ammonia  is  gene- 
rated*     The  water  produced   is  at  tbe  expense  of  the  oxygen  an^H 
hydrogen  contained   in  the  ligneous  tissue,  so  that  the  moulderei^B 
product   contains  a  larger   projiortion  of  carbon  than  the   wood 
upon  which  the  experiment  was  conducted. 

If  the  moistened  wood  be  excluded  from  air,  a  small  quantity 
of  carbomc  acid  is  evolved  during  its  decay,  accompanied^  as  il^| 
the  former  case,  with  the  separation  of  water ;   and  under  certain 
circumstances    marsh    gas    (CjH^    is    liberated    in    considemble 
abundance* 
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Caal  and  other  Cambusiible  Minerals. 

(95 1 )  The  foregoing  facts  connected  with  the  gradual  decay  of 
woody  fi[>re  and  vegetable  tissue,  hare  a  special  interest,  not  only 
in  their  bearing  upon  the  value  of  vegetable  matter  as  a  manure, 
but  also  in  reference  to  the  origin  of  the  enormous  masses  of  fossil 
fuel  which  are  stored  up  in  the  lM>wels  of  the  earth,  and  which  are 
the  result  of  complicated  chemical  clianges  under  variable  circum- 
stances of  temperature,  moisture,  and  pressure — ^acting  either  upon 
vegetables  which  grew  upon  the  spot,  as  in  |>eat  bogs  now  in 
process  of  formation,  or  upon  the  debris  of  trees  or  plants  drifted 
fi-om  a  distance,  and  accumulated  in  particular  localities,  as  is  now 
occurring  in  the  deltas  of  the  Mississippi,  and  other  large  rivers. 

These  deposits  of  fossil  combustible  matter  may  be  sub-divided 
into — I.  Peat;  2.  Fossil  resins,  or  bitumen;  3.  Lignites,  or 
brown  coal  ;  4.  Bituminous,  or  caking  coal ;  j.  Steam  coal ; 
and  6.   Anthracite. 

I*  Peo^,— The  vegetable  origin  of  this  substance  is  at  once 
evident  on  inspection.  As  a  fuel  it  is  far  inferior  to  coal :  when 
raised  from  the  l>ed  in  which  it  is  formed,  it  retains  a  large  quan- 
tity of  water,  in  consequence  of  which  it  is  necessary  to  stack  it  in 
heaps,  in  which  it  is  freely  exposed  to  the  air.  Even  after  it  has 
been  thus  left  to  dry  for  many  months,  it  often  retains  a  fourth 
of  its  weight  of  water,  and  yields  a  quantity  of  ash,  ranging  from 
5  to  10  per  cent,  or  upwards, 

2*  Bitumen  and  Fossil  Rejnnjt,- — These  substances  include 
amber,  reiinasphatt,  asphtiH^  retlmte,  arul  many  other  allied  bodies 
which  are  chiefly  contained  in  tlie  tertiary  strata.  In  many 
iiistanees  they  are  the  proiiucts  of  the  action  of  an  elevated  tem- 
perattire  upon  vegetable  Imdies  ;  and  when  this  is  the  case,  they 
form  irregidar  deposits  wliich  impregnate  the  strata  around  ■  untlcr 
these  ei  renin  stances,  masses  of  igneous  rock,  such  as  basalt  or 
trap,  will  be  found  in  their  immediate  neigh  bo  tirhood.  In  other 
cases  the  bitumens  occur  in  regular  beds^  which  appear  to  have 
been  formed  in  a  manuer  similar  to  the  deposits  of  true  coal. 
Many  lignites  likewise  contain  tlie  bitumens  and  resins  dissemi- 
nated through  them  in  small  quantities.  Tliey  are  more  or  lesa 
soluble  in  alcohol,  ether,  and  the  essential  oils.  AJtliough  com- 
bustible they  are  not  consumed  as  fuel.  Asphalt  is  largely  used 
in  the  preparation  of  an  artificial  paving  material,  and  the  finer 
kinds  are  employed  in  the  formation  of  a  species  of  black  varnish 
or  enamel  for  leather. 

PART  III.  fi 
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3.  Liffnite,or  Brown  CoaL — This  species  of  ooal  generally  re 
ite  wockIv  lamellar  structure  to  a  cousidcrable  extent,  though  in ' 
this  respect  there  are  great  differences;  as  its  name  implies^  it  has 
a  brown  colour.  When  distilled  in  close  resseU  it  yields  a  coke 
iirliich  does  not  cake  together,  and  in  which  the  original  form  of 
the  fragments  is  preserved  \  the  ash  is  less  abundant  than  in  peat. 
Tlie  true  lignite*  occur  in  the  tertiary  strata. 

4.  Biiummoui  or  Caking  Coal, — ^This  is  the  most  highly- 
priced  variety  of  coal,  and  is  the  most  abundant  product  of 
British  coal  fields.  It  occurs  above  the  old  red  and  beneath  th 
new  red  sandstone,  in  what  geologists  have  termed  from  its  jjr 
Bcnee,  the  coal  tneoMures.  There  are  several  varieties  of  bituminon 
coal :  some,  as  those  of  the  Scotch  parrot  coal,  are  of  a  brownishl 
black  colour,  and  a  slaty  structure ;  when  heated  in  dosed  vessels 
they  emit  a  large  quantity  of  gaseous  matter,  and  leave  a  coke 
which  is  but  incompletely  fused  and  coherent.  The  Lancashir 
cmmel  coal  is  another  form,  wliich  is  characterized  by  its  con* 
choidal  fracture,  and  the  waxy  lustre  w  hich  it  exhibits ;  it  is  of  a 
dull  brownish  black  colour,  ^aelds  a  good  deal  of  gas,  and  leaves 
an  impericctly  fused  hard  lustrous  coke ;  these  coals  arc  highly 
prized  as  gas  coaU,  Newcastle  coal  represents  a  third  variety ;  it  is 
of  a  full  bloc  black  colour,  has  a  brilliant  lustre,  and  a  cubic  frac^H 
ture  ;  it  burns  w  ith  a  bright  luminous  flame,  and  is  much  valued^l 
as  household  fuel ;  it  furnishes  a  coke  which  ia  much  swollen^ 
caked  togctlicr,  and  possessed  of  a  high  lus^tre.* 

5.  Steam  CoaL— T\ns>  is  a  coal  intermediate  in  quality  be twoen 
the  bituminous  coals  and  the  anthracites  j  it  burns  freely  and  witl^| 
flame,  giving  out  a  steady  heat,  but  it  does  not   yield   sufficient 
volatile  matter  to  be  advantageously  employed  in  the  preparation 


♦  A  reTnarkable  bitneiiniferouft  deposit  occurs  amongst  the  coal  meaaurei  i 
the  nci^hbourhocRi  of  Btttligak;  near  Edinbyrgh,  whim  liaa  been  gold  midfl 
the  name  of  ''Boghead  Caniicl  Coal/'  and  has  been  extenaively  einplo3'ed  f 
nnx  with  inferior  deaeriptious  of  coal  whieh  arc  einployed  in  the  manufactuj 
of  coal  fjas.  It  eon  tains  from  iH  to  25  per  cent,  of  an  aliimiutvns  ash,  whic 
retaiiii*  the  form  of  the  mineral  when  it  iB  burned  in  ike  open  fire ;  whe 
difltilled  at  a  low  temperature  iu  closed  vesaelH,  the  mineral  ^ivea  ofi*  a  ver 
large  proportion  of  liquid  hydro-carbona  mixed  with  a  certain  quantity  c 
dense  gaseous  hydro-earhons.  The  mass  left  after  distdlation  Is  rem&j'kabli 
for  the  flmall  proportion  of  earbon  (from  6  to  10  per  cent.)  vrhieh  is  lefl 
behind  in  the  ash*  A  remarkable  lawnuit  arose  upon  the  question  whether  or 
not  this  substance  was  to  be  regarded  ns  a  coal.  The  term  coah  however, 
being  one  rather  of  popular  than  of  sHetitific  language,,  and  not  admitting  of 
axseurate  definition,  tlie  opinions  of  the  clieDii^ts,  geologists,  and  histolo^i»t» 
who  were  examined  upon  the  question  were  divided,  mxd  the  caae  was  decided 
upon  a  collateral  i^sue. 
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of  coal 


It  is  well  fitted  for 


in  the  steam  navy,  since  it 
does  not  erurablc  readily  in  the  hold  of  a  vessel  during  its  rolling, 
and  it  emits  but  little  smoke.  It  furnishes  a  coke  which  scarcely 
cakes  together,  and  which  i>osse8ses  but  little  coherence  or  lustre. 
Much  of  the  Welsh  cual  is  of  this  description* 

6,  Anthracite, — The  stone  coal,  or  culm,  as  this  variety  is  some- 
times called^  is  found  in  the  lowest  portion  of  the  cjirboiiifcrons 
strata.  It  coutaiys  but  a  very  small  portion  of  volatile  matter^  buriia 
almost  without  Hame  with  a  steady  red  glow.  When  heated,  it 
splinters  into  small  frao:ments,  a  cireiun stance  which  often  occasions 
considerable  iueouvcnieucc  in  its  application  a^  a  fuel.  The  most 
compact  forms  burn  indeed  with  great  difficulty*  Tliis  coal  is 
black ;  it  has  a  high  lustre^  and  often  exhibits  an  iridescent  play  of 
colours  ;  its  fi'iicture  is  lamellated  i»arallcl  to  the  bed  from  which  it 
was  takenj  but  the  cross  fracture  is  oblique  or  conchoidal.  The 
coke  obtained  from  it  dift'ers  little  in  appearance  &x>m  the  original 
coal  either  in  bulk  or  in  weight.  Antliraeite  is  extremely  abun» 
dant  over  vast  tracts  of  North  America,  but  much  of  it  is  so 
compact  that  it  is  scarcely  applicable  as  a  fueL  A  large  quantity 
of  excellent  anthracite  is  obtained  from  the  South  Wales  coal 
field. 

The  subjoined  tables  will  give  an  idea  of  the  comptmitiou  of 
wood,  and  will  illustrate  the  progress  of  its  decay.  Tliey  also 
furnish  a  synoptic  view  of  the  composition  of  some  of  the  principal 
varieties  of  coal,  in  the  order  of  their  occurrence  in  successive 
geological  stages.  The  proportion  of  oxygen,  it  will  be  seen^ 
diniini.shes  rapidly,  and  that  of  the  hydrogen  more  slowlvj  as  the 
coal  passes  from  lignite  towards  anthracite,  in  which  form  it  con- 
sists of  nearly  pure  carbon. 

The  amount  of  ash  in  coal  is  very  variable.  In  tlie  finest 
species  of  coals  the  fixed  ash  appears  to  be  disseminated  pretty 
evetdy  through  the  mass,  but  in  the  coarser  varieties,  thin  seams 
of  iron  pyrites,  and  at  other  times,  as  in  the  New|}ort  coal, 
crystallized  laminie  composed  of  the  mixed  carbonates  of  Ume, 
magnesia,  and  protoxide  of  iron  are  found.  It  is  obvious  that 
where  these  seams  occur,  their  components  must  have  been  carried 
into  the  mass  by  infdtration.  The  ash  of  pure  coal  furnishes  but 
minute  quantities  of  the  salts  of  the  alkalies ;  it  usually  contains 
but  little  lime  or  magnesia,  the  bulk  of  it  c<:ni8isting  of  silicate  of 
alumina,  with  variable  amounts  of  oxitlc  of  iron,  Vaux  also 
found  traces  of  copper  and  lead  iu  most  of  the  coals  which  he 
analysed. 

a  2 


100 


COMPOSITION   OF  WOOD  AND   COAL. 


a 


s 
p 

tc 


9  i 


P4 


8 


^ai 


1 1 


s 


n 


«=  t> 


S 


-i^-  1,  -^ 
"^  «  ^ 


o  ^  ^ 


•  4  • 

.2  "3  -S 

^§  1  ^ 

^  >3  <j 


CO 

o 


0\ 

00 

b 


Cm 

1 

CO 


o 


8. 


NO 


CO  « 


o  o 

«  CO 


S  00 

b\    « 


O  CO 


«  1^  O  r*  VO  CO 

V  io  «  do  b  b^ 

to      m 


CO 


OS 

b 


CO 


2  S- 

b  o 


Q  pq  ^  o  CO  <i 


r*  ►N    n 


NO       « 

CI 

?.     S 

O 

?     §§ 

^ 

CO    lO 

oo     «^ 

00      On 
to    CO 

vg-   ^ 

O      fO 

S  5 

§> 

*  ^ 

o 

5  ^ 

8^% 

0\    lO 

lO 

CO 

SSs 

lO  00 

g  ^ 

"   Si 

d  _ 


Jill 

o  n  ^  o 


COMPOSITION   OF  WOOD  AND   COAL. 


101 


a 


§ 


85 
•55 

a 


Pennsyl- 
vania. 
Eegnault. 

NO 

to 

M 

9 

vT 

sS- 

s 

J8 

S 

•s 

M 

<? 

S' 

« 

CO 

-^ 

^ 

s 

« 

CO 

•2 
a 
< 

00* 

« 

^ 

^ 

CO 

00 

CO     00 

00        Ov 

M 

0\ 

M 
VO 

» 

5? 

00     o 

^ 

§. 

CO 

b     •« 

o 

M 

o\ 

CO 

O       CO 

GQ 

Steam. 
Newport. 
W.A.M. 

^ 

<^ 

t^ 

CO     « 

o 

M 

r^ 

>o 

CO      •♦ 

CO 

HI 

'<• 

o\ 

VO       CO 

lO 

f« 

c« 

t^      lO 

*•* 

lO 

M 

'♦ 

M           lO 

M 

lO 

VO 

lO 

M          \n 

«^ 

00 

00 

Do. 
t.  Helen's. 
Vaux. 

o 

« 

ei      o\ 

8s 

<^ 

CO 

o 

to     00 

« 

V3 

00 

CI 

OV      OV 

o\ 

lO 

o     «o 

M 

^ 

lO 

lO 

HI     b 

M 

o 

lo 

lo 

«            HI 

CQ 

^|ii 

00 

r* 

o\ 

of  §8 

OS 

CO 

00 

"^ 

NO         «• 

« 

n 

lO 

n 

CO 

o 

CO 

CO 

00        O 

o^JfS 

M 

r^ 

00 

V3 

HI            C« 

o 

M 

o\ 

lO 

HI            CO 

lO 

r* 

M 

«^ 

aking. 

wcastle. 

bardson 

» 

lO 

'♦ 

o 

r» 

M 

CI 

t% 

«>• 

c« 

VO 

-♦ 

ON 

CO 

«^ 

M 

o 

O 

NO 

M 

*^ 

in 

NO 

-    ^    1 

00 

-N 

00 

r^^ 

Cannel. 

Wigan. 

Vaux. 

VO 

^ 

»:• 

to 

2  <8 

o 

o 

o\ 

00 

00           M 

« 

CO 

o 

lO 

lo 

*-. 

c« 

VO 

M         CO 

M 

v§ 

& 

lO 

«      00 

M 

« 

c« 

00 

lO 

C«       00 

i 

arrot. 
ihago 
A.M. 

^ 

^ 

in 

"^ 

CO 

^ 
^ 

VO 

NO 

'♦ 

? 

NO 

« 

CO 

^     i    ^ 

^ 

9 

CO 

r* 

M 

M 

^0 

00 

do 

CO 

M 

^ 

r^*-^ 



.       .       . 

^ 

, 

• 

• 

• 

• 

•      •     > 

1 

g 

d 

. 

g 

d 

ariety 
ocalitj 
uthori 

1 

•s 

1 

1 

-s 

1 

1 

^     ^ 

P»^     H?     <1 

00 

« 

o 

H 

;z5  o 

OQ 

-«1 

t> 

H 

Jzi    O 

102 


J  Y.    Ox    Fs&MBXTAT101(r. 

{952)  Under  the  term  fermeutation,  freqiiciit  mention  has  1 
made  of  a  partictilar  dtange  which  sacchariiie  bodie?  undef^gOi 
eoDflSqneoce  of  which  they  become  coTircrted  into  carbonic 
and  aloohoL  Manj  other  subst&noes^  howerer,  be^^ides  sugar,  are 
suaceptible  of  an  analogous  change,  and  the  term  fermefUaium  is 
now  applied  to  Tarious  tranalbfinations  which  or^uic  compounds 
experience  under  the  infloence  of  a  small  quantity  of  or^nized 
matter,  which  is  itself  in  a  state  of  actire  alteratiou.  This  activ«^ 
aubstance^  which  is  termed  B/ermeniy  neither  imparts  anything  tcj^^ 
nor  receives  anything  firom^  the  substance  which  is  undergoing 
fermentation.  During  this  change,  tlie  body  which  is  experi^icing 
fermentation  is  gradually  broken  up  into  two  or  more  substances  of 
simpler  composition ;  in  oertain  cases  the  elements  of  water  arc 
aasimilatedj  in  others  they  are  separated,  whilst  in  a  third  class  of 
deoompositious  water  is  neither  separated  nor  assimilated. 

For  example,  when  firuit  sugar  is  placed  in  contact  vnth 
ordinary  yeast,  the  sugar  ia  simply  converted  into  carbonic  acid 
and  alcohol,  the  yeast  acting  as  the  ferment : — 

Frail  Sofsr.  Oath.  AcmL  AJcohol. 

No  assimilation  or  setmration  of  water  occurs  in  this  case.      Be 
when  grape  sugar,  Cj^H  i^O,^,  is  subjected  to  fermentation,  earboi 
acid  and   alcohol  are  formed  as  before,  and  two  equivalents  of 
water  are  elimiuat€<i : — 

C,,IIi,Oi,  ^  4  CO,  -I-  2  (C.H.OJ  -h  2  HO. 

Again,  when  cane  sugar  is  submitted  to  fermentation,  it 
milatcs  one  ec|iuvaleot  of  water,  first  becoming  changed  into  frx 
sugar,  and  this  substance  is  afterwards   broken  up  into   carboi 
acid  and  alcohol  as  before ; 
CjsH.iOn  +  HO  =  Ci3Hi,Oi4,  and  CiJIiaOi^  =  4  CO,  +  2  (C^HeO^K 

The  diHerent  varieties  of  fermentation  receive  their  distinctive 
name  from  the  priiiciiml  products  which  they  furnish :  for  example^^ 
when  spirit  of  wine  is  formed  from  sugar,  the  change  is  called  th^| 
alcoholic  or  rinom  fermentation  ;  when  lactic  acid  l^  converted  into      ' 
butyric  acid,  the  process  is  termed  the  butyric  fermentation,  &c. 

In  all  cases  of  fermentation  the  following  conditions  are 
essential: — i,  the  presence  of  water;  a,  a  temperature  ranging 
from  50''  to  90°;  3,  a  peculiar  ferment  (tlie  nature  of  which  \aric 
in  the  different  caaes) ;  4,  the  Ixjdy  which  is  to  undergo  fcrmei 
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tatioQ.  It  may  be  remarked,  that  in  most  instances  the  com- 
pounds  susceptible  of  fermentation  are  crystallizable  products.  It 
is  especially  to  Ik*  obsen'ed^  although  the  ferment  does  not  cxm- 
tribute  any  of  its  components  to  the  results  of  fermentation,  yet 
that  it  is  itself  destroyed  daring  the  operation  ;  the  products  of 
its  decomposition  being  generally  discernible  mixcfl  with  the 
results  of  the  fermentation.  This  fact  has  an  irajvortant  bearing 
upon  the  theory  of  the  process,  but  its  significance  will  Ije  beit 
understood  by  tracing  the  operation  through  its  different  stages  to 
the  foruiation  of  alcohol, 

{a)  Alcoholic  Fermeniation* 

(953)  When  the  juices  of  plants  or  of  fruits  containing  sugar, 
such  ibr  instance  as  musi  (the  juice  of  the  grape),  are  kept 
at  a  temperature  of  alwut  70*^  for  some  hours,  a  change  begins 
to  show  iti^elf.  The  liquid  becomes  turbid,  and  small  bubbles 
rise  to  the  surface;  or  in  popular  language,  it  liegins  to 
work  or  to  ferment.  This  change  is  due  in  the  first  instance  to 
tlie  alterations  produced  in  the  alburaincnis  ancl  azotised  matters, 
which  all  such  juices  contain,  under  the  combined  influence  of 
atmospheric  oxygen,  warmth,  and  moisture.  This  azotiscd  matter 
is  decomposed,  and  an  intestine  change  commences,  wliich  after 
it  has  once  begun,  continues  in  vessels  from  which  the  further 
access  of  air  is  prevented.  As  the  fermentation  proceeds  a  con- 
tinual disengagement  of  heat  is  maintained »  whilst  a  constant 
extrication  of  gas  continues;  this  gas,  if  collected,  is  foimd  to 
consist  entirely  of  carljonic  acid.  After  a  time  the  escape  of  gas 
diminighes,  and  at  length  ceases;  if  the  liquid  be  now  examined, 
the  sweet  taste  of  the  sugar  will  have  disappeared,  and  the  solu- 
tion will  have  acquired  a  flavour  more  or  less  spirituous.  If  this 
liquid  be  distilled,  the  first  portions  that  come  over  will  be  found 
to  contain  an  inflammable  pmduct  lighter  than  water,  which  is 
easily  recogniHtd  as  dilute  spirit  of  wine  or  alcohol, 

(954)  Pt*operties  of  >W*/, — Upon  examining  the  liquid  which 
remains  after  fermentation  is  complete,  it  is  found  to  contain  a 
multitude  of  small  oval  organized  bodies  which  do  not  exceed 
!rliyth  of  an  inch  in  diameter,  and  which  when  newcd  under  the 
microscope,  are  seen  to  consist  of  nucleated  cells  presenting  the 
appearance  shown  in  fig*  332,  page  106.  These  cella  torm  the 
essential  constituent  of  f/east,  which  is  obtained  in  great  abundance 
during  the  fermentation  of  wort  in  the  mamifactvire  of  beer. 

Yeast  is  the  substance  which  possesses,  in  the  highest  degree, 
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tlie  power  of  producing  the  alcoholic  fermentation.  Its  efficacy  in 
this  resi>ect  is  easily  proved  by  the  following  experiment : — Dis- 
ftolve  4  parts  of  pure  cane  sugar  in  20  parts  of  water,  and  add  i 
part  of  fresh  yeast ;  then  expose  the  mixture  to  a  temperature  of 
aliout  80*^  F»  In  lefts  than  an  hour  fermentation  will  commence, 
and  carbonic  acid  will  be  evolved  in  abundance. 

Yciunt,  when  in  its  active  condition,  always  exhibits  a  slightly 
acid  rcuetion  ;  if  thoroughly  washed,  the  globules  are  much  less 
active,  but  they  again  acquire  activity  by  exposure  for  a  few  hours 
to  the  air,  during  which  time  the  acidity  is  again  developed.  The 
addition  of  a  minute  quantity  of  some  of  the  vegetable  acids,  such 
aa  the  acetic  or  the  tartaric  acid,  to  washed  yeast,  immediately 
restores  its  activity,  but  if  a  larger  quantity  of  the  acid  he  employed 
the  process  of  fermentation  is  arrested.  Tlie  strong  mineral  acids, 
particidarly  the  sulphuric  acid,  when  present  even  in  very  smaU 
ijuantity,  aliso  immediately  put  a  stop  to  the  alcoholic  fermenta- 
tion. It  is  also  completely  checked  by  tlie  addition  of  a 
small  quantity  of  free  alkali,  ^laiiy  other  circumstances  likewise 
put  an  immediate  stop  to  the  process  of  fermentation.  For 
example : — A  solution  which  contains  more  than  one  fourth  of  ita^ 
weight  of  sugar,  camiot  be  nmde  to  ferment ;  the  presence  of  20 
per  cent,  of  alcohol  or  upwards,  also  puts  an  end  to  the  process 
the  addition  of  a  strong  solution  of  common  salt,  or  the  presence 
of  many  metallic  salts  in  the  liquid,  such  for  instance  as  nitrate  ol 
silver,  corrosive  sublimate,  and  sulphate  or  acetate  of  copper,  cheek 
it  inimcfl lately.  The  occurrence  of  fermentation  is  also  pre%'ented 
by  the  presence  of  small  quantities  either  of  oxide  of  mercury,  ofj 
strychnia,  or  of  quiuia,  as  well  as  by  solutions  coutaiuing  traces' 
of  sulphurous  acid  or  of  the  sulphites.  Small  quantities  of  kreasote^ 
of  oil  of  tiu-pcntiue,  and  of  many  other  essential  oils,  have  a 
similar  efft-et. 

On  the  other  hand,  according  to  Qnevenne,  neither  solution 
tif  arscuious  acid,  of  acetate  of  lead,  nor  of  tartar  emetic  exert  any 
retarding    cflcct    upon    the    progress   of   fermentation.      If  ycai>t 
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be  boiled  for  a  few  minutes,  it  is  deprived  of  its  power  of  exciting 
fermentation.  Yeast  may  be  dried  at  a  low  temperature  or  by 
pressm^e,  and  preserved  in  tliis  condition  without  losing  its  activity. 

The  part  which  the  globules  of  yeast  perform  in  exciting  fer-^^| 
UKiitation  is  extremely  obscure.      It  is,  however,  certain,  that  the 
sugar  ferments  only  in  those  points   which  are   in   actual    contact  ^A 
with  the  globules.      This  fact  is  shown  by  the  following  instruc-  ^M 
tive  experiment  of  Mitscherhch  : — Over  one  extremity  of  a  wide  ^1 
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tube  open  at  both  ends  a  piece  of  filtering  paper  is  tied^  and  this 
covered  extremity  is  plunged  into  a  weak  solution  of  pure  cane 
sugar ;  the  liquid  quickly  penetrates  the  paper  and  rises  in  the 
tube,  which  may  be  supported  so  as  not  to  touch  the  bottom  of 
the  jar  of  syrup  ;  if  a  small  quantity  of  yeast  be  now  introduced 
into  the  tube,  and  the  whole  be  set  aside  in  a  warm  place,  fermenta- 
tion will  be  found  to  commence  in  a  few  hours ;  but  it  will  be  con- 
fined to  the  portion  of  liquid  within  the  tube,  t.  e.,  to  those  por- 
tions of  syrup  which  are  actually  in  contact  with  the  yeast 
globules.  The  bibulous  paper  allows  free  communication  between 
the  liquid  within  and  without  the  tube,  but  it  prevents  the  glo- 
bules from  passing  into  the  mass  of  syrup  in  the  outer  vessel. 
These  globules  appear  to  be  fungi  or  plants,  of  a  very  low  d^ree  of! 
organization,  and  as  such,  their  particles  are  continually  under-  }■ 
going  change. 

Varieties  of  Yeast. — According  to  the  observations  of  Mit- 
scherlich,  who  has  carefully  watched  the  development  of  the  yeast 
plant  under  the  microscope,  there  are  two  modifications  of  yeast : 
viz.,  oberhefe  (surface  yeast),  and  unterhefe  (sediment  yeast);  these 
two  varieties  are  propagated  in  different  ways,  and  each  produces 
specific  results  upon  the  fermenting  liquid. 

The  unterJiefe  is  the  ferment  of  the  Bavarian  beer,  which  is 
allowed  to  ferment  very  slowly  and  at  a  low  temperature ;  the 
formation  of  acid  bodies,  such  as  the  lactic  and  acetic  acids,  is 
thus  avoided,  and  the  beer  is  more  highly  esteemed  from  their 
absence.  The  unterhefe  consists  of  isolated  globules  of  very  vary- 
ing dimensions.  It  appears  to  be  propagated  by  spores  thrown 
out  from  the  larger  cells,  and  not  by  buds  and  offshoots  as  is  the 
case  with  the  surface  yeast ;  the  temperature  must  not  be  allowed 
to  rise  beyond  45**  nor  to  fall  below  32''  F. 

Surface  yeast  is  developed  at  a  temperature  varying  from  about 
70°  to  80°,  and  is  the  more  active  of  the  two  forms  in  producing  the 
alcoholic  fermentation.  The  development  of  the  yeast  globules  may 
readily  be  watched  under  the  microscope  by  placing  a  drop  of  some 
saccharine  infusion,  such  as  wort,  between  two  plates  of  glass, 
with  a  minute  quantity  of  yeast.  The  granules  will  at  first  exhibit 
the  appearance  shown  at  a,  fig.  332,  where  they  can  be  seen  to 
possess  an  outer  cell  wall,  within  which  is  a  quantity  of  granular 
matter.  In  the  course  of  a  few  hours  some  of  these  cells  throw 
out  buds  such  as  are  shown  at  d.  The  rapidity  with  which  this 
development  takes  place,  when  it  has  once  commenced,  is  often 
very  great;  b  indicates  a  group  of  these  bodies,  probably  all  dc- 
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vclopcd  from  the  large  central   cell ;   e  d  shows  the   same 
three  hours  later:  within   nine  hours  after  it  was  first  obserred* 
an   oral  patch  of  cellules   had  been  formed^  contaiQin^  betweeii 
seventy  and  eighty  separate  cells^  iu  wkich  the  original  cdl  was  dis. 


tinctly  visible  in  the  centre,  and  around  it  were  grouped  the  n^w  cells, 
decreasing  in  size  towards  the  circiimfei"cnce ;   each  of  these  cells 
contained  the   granular  matter  above  spoken   of,   and   fresli  bud» 
continued  to  form  upon  the   extenor  margin  of  the  outer  cells. 
The  yeast  celk  frequently  assume  a  more  elongated  form,  flattened 
at   the  sides,    but   tliey  continue  to  be    developed  in  the  same 
manner ;  both  varieties  may  often  be  seen  side  by  aide  under  thej 
microscope  at  the  same  time.      The  walls  of  these  cells  consist 
a  thin  membrane  which   has   the  same   com[H}sition    as    celluloea] 
(Midder)  ;  and  within  tiiis  membrane  is  an  azotiscd  gelatinous  msas 
which  here  mid  there  exhibits  a  kind  of  granular  nucleus.      This 
granular    matter   is   soluble  in  acetic  acid,  and  may  thus  without 
ditticulty  he  separated  from  the  cell  membrmie  in  which  it  is  con^i^ 
tained ;  it  may  then  be  precipitated  for  examiimtion,  by  neutralizing^ 
the  solution  with  carbonate   of  ammonia.      The  contents   of  the 
granules   may  also   be   extracted  by  means  of  a  weak  solution  of« 
potash,  and  can  he  precipitated  by  neutralizing  it  with  acetic 
When  thus  obtained,  the  precipitate  has  the  properties  and 
position  of  protein. 

Everything  that  destroys  the  vitality  of  these  organised  bodies 
destroys  their  ^mwer  of  exciting  fermentation  :  for  this  reason 
too  liigh  a  temperature  stops  the  operation,  and  a  depression  of 
temperature  also  temporarily  arrests  it,  though  it  is  stated  that 
even  after  exposure  to  a  cold  of  10'^  F.  the  fermentation  is  renewed 
wheu  the  temperature  is  allowed  to  rise. 

The  mnltiplieatiou  of  the  globules  of  yeast  does  not  take  place 
in  solutions  of  pure  sugar;  on  the  contrary,  during  the  procesa  of 
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fermentation,  the  granules  undergo  a  gradual  disintegration.  For 
the  decomposition  of  lOO  parts  of  sugar,  between  two  and  three 
parts  of  yeast,  calculating  it  in  its  dry  state,  are  rccjuired.  If  the 
proportion  of  sugar  to  the  yeast  exce€?d  thisj  the  excess  of  sugar 
remaioE  unaltered  in  the  liquid  ;  and  if  the  cells  be  examined  after 
fermentation  has  ceased,  many  of  them  will  be  seen  to  l>e  ruptured 
and  destroyed  ;  and  a  certain  quantity  of  lactate  and  acetate  of  am» 
monia,  and  other  ammoniacal  salts  wiU  be  found  in  tlie  solution. 

Mitscherlich  gives  the  following  aa  the  composition  of  ordinary 
washed  yeast ;  first,  when  in  a  condition  to  excite  fermentation, 
and  secondly,  in  the  partially  exhausted  state,  after  fermentation 
had  ceased ;  in  both  eases  the  ashes  Lave  been  deducted  : — 

Entire  cells.  Spent  yeast. 

Carbon       ,  .  .  470     .  .  .  47*6 

Hydrogen .  .  .     66     .  •  .7*2 

Nitrogen    .  .  ,   10*0     •  .  .     5*0 

Sulphur     .  .  .     0*6 

Oxygen      .  .  ,  358 

In  this  experimetrt  the  nitrogen  in  the  spent  portion  was 
reduced  to  one-half  of  its  former  amount.  This  spent  yeast,  how- 
ever,  still  contained  an  excess  of  active  granules  ;  but  if  entirely 
exhausted,  it  would  furnish  scarcely  any  nitrogen  on  analysis. 

The  inorganic  matter  contained  in  yeast  amounts  to  a  eon- 
siderable  quantity,  not  less  than  about  7*5  per  cent,  of  the 
dried  yeast.  It  consists  entirely  of  phosphates  of  i>otash,  soda, 
lime,  and  magnesia  (Mitscherlich), 

But  although  the  yeast  globules  do  not  multiply  in  a  solution 
contaitung  pure  sugar,  tJiey  become  rapidly  developed  in  all  sac- 
charine vegetable  infusions  during  fermentation,  and  multiply  at 
the  expense  of  the  azotised  matters  wbieh  these  liquids  always 
contain,  and  which  form  an  essentia!  part  of  the  nutriment  of  the 
yeast  plant.  Owing  to  this  cause  the  quantity  of  yeast  is  increased 
to  six  or  eight  times  its  original  amount  during  the  fermentation 
of  beer. 

The  following  analyses  by  Messrs.  Graham,  Hofmann,  and 
Redwood  (Q.  J.  Chem,  SoCfW  237),  show  that  during  fermentation 
the  azotised  matters  in  the  liquid  are  reduced  iu  quantity,  whiUt  the 
yeast  plants  are  becoming  developed: — Pale  malt  wort, of  sp.gr.  io88, 
which  contained  about  21  per  cent,  of  solid  matter  before  fermen- 
tation, yielded  0*217  P^**  cent,  of  nitrf>goii,  wldeh  woidd  correspond 
^  3*43  P^  cent,  of  albumen :  after  full  fermentation  and  remo- 
val of  the  yeast,  the  nitrogen  amounted  only  to  o'i34  per  cent.; 
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lUi  was  DO  dofiibl  putlf  m  Ae  fiann  of  anmouiacal  salts,  h 
all  vane  ralmhrtfil  is  wSbmaaca,  it  wotdd  ammmt   only  to  211  of 
lluit  mbstuaoe. 

The  comporirioo  of  tlie  ccnuenis  of  tbe  grannies  of  jcslbx  has 
almdr  been  siaited  tci  hear  a  dkmt  relatioa  to  that  of  albumen*  Thii 
drcmmtem  maj  afford  sooie  due  to  tbe  remarkable  fact  that  yeast 
ia  nercr  forBiihed  esoept  bjr  tbe  decompositioii  of  aJbuniiunusj 
Blatters,  Variooa  boifiea  whidi  eontaia  nitrDgen  furnish  it  when 
thcj  bare  ooce  begtm  todecajr.  Thus  white  of  egg,  muscular  tissue, 
and  cfaeei^  ditrtng  deoooipoeitioo  in  the  presence  of  saccharine 
W^jta&mm  pfodnoe  tfaeie  ^bd^,  and  true  fermentation  begins. 

(955)  Progprtsf  of  Fermattaiiam, — iluch  interesting  inforamtioa 
reUtive  lo  the  changes  which  solutions  of  sugar  of  various  kincU 
mnlergo  dnnng  fermentation  may  l>e  obtained  by  examining  them 
at  interrals  by  means  of  a  beam  of  polarized  light «  If  a  solution 
of  starch  sugar  be  mixed  with  yeast,  the  rigbuhanded  rotation 
which  such  sugar  poaKaaes  in  its  natural  state  slowly  dimioishcd^^ 
in  a  degree  proportioned  to  the  quantity  of  sugar  which  haa 
undergone  fermentation  (Mit&cherlich)*  But  if  a  solution  of  fruii 
sugar  or  of  inverttd  cane  sugar  (929),  be  watched  in  like  manm 
from  time  to  time,  the  phenomena  are  more  complicated ;  tbe  left 
handed  rotation  undergoes  no  decrease  until  about  three-firtbt 
of  the  sugar  has  been  decomposed,  after  which  the  rotatory  pow 
rapidly  diminishes  as  the  fermentation  proceeds,  but  there  is  n* 
inversion  of  the  rotation.  Dubrunfaut,  who  made  these  observa^' 
tions,  remarks  that  this  uncrj-stallixable  sugar  must  consist  of  a 
mixture  of  at  least  two,  and  possibly  of  more  modifications 
sugar ;  one  of  which  is  neutral  and  is  that  which  is  first  fermented^ 
the  other  is  possessed  of  left-handed  rotation,  and  does  not  undergorl 
fermentation  until  the  neutral  sugar  has  all  been  decomposed.^ 
(Ann,  de  Chimie,  IIL,  sjti.  172.) 

It  has  beeu  already  mentioned  that  when  cane  sugar  is  sub- 
jected to  the   vinous   fcnncutation,   it   undergoes  a   preliminary 
change  in  consequence  of  t!ic  necessity  of  assimilutiug  an  addi- 
tional  equivalent  of  water*      Owing  to  this  circumstance,  a  much 
larger  quantity  of  yeast  is  required  in  order  to  produce  the  fermen- 
tation of  sucrose  or  cane  sugfir  than  is  needed  either  by  ft-uctose 
by  glucose.    It  has  been  observed  by  Dnbrunfaut,  that  if  a  solutioi 
of  cane  sugar  which  has  beeu  mixed  with   yeast  be  examined  b 
{lolarixed  light  iKfore  iVTmentation  commences,  the  rotatory  powi 
upon  polarized  li^ht  will  he  inverted,  and  it  will  be  found  to  hav 
become   left*handed,   showing   that  the  cane  sugar  has  assumed 
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the    additional    equivalent   of  water   which  it  needed^   and  has  ' 
thereby  become  converted  into  uncrystallizable  fruit  sugar.     The  ^ 
same  change  is  also  strikingly  shown  by  the  increase  in  density 
which  a  solution  of  cane  sugar  undergoes  previous  to  entering  into 
fermentation.     This   circumstance   was   pointed  out  by   Messrs. ' 
Graham,  Hofmann,  and  Redwood,  in   their  researches  upon  the  i 
decrease  in  density  which   saccharine  solutions  undei^o  during 
fermentation.    (See  their  "  Report  upon  Original  Gravities/'  Quart. 
JoMTfi.  Chem,  Soc,  v.  232.) 

It  was  ascertained  by  these  chemists  that  when  quantities  of 
cane  sugar,  starch  sugar,  caramel,  and  dextrin,  which  contained 
equal  quantities  of  carbon,  were  dissolved  in  water  and  diluted  till 
the  solutions  were  equal  in  weight,  the  density  of  these  solu- 
tions varied  greatly,  as  will  be  evident  on  inspecting  the  following 
table :  from  which  it  appears  on  comparing  together  quantities 
of  the  different  solutions,  equal  weights  of  which  contain  equal 
quantities  of  carbon,  that  starch  sugar  furnishes  the  densest  solu- 
tion ;  next  to  this  comes  malt  wort,  which  owes  its  sweetness  to 
starch  sugar ;  then  comes  cane  sugar ;  whilst  dextrin  gives  a  solu- 
tion of  smaller  specific  gravity ;  and  caramel  a  solution  the  least 
dense  of  any  of  the  substances  compared  together : — 


PftrUofCftne 
Sugttr  in  loo 

SUrch  Sagar. 

Pale  Midt 
Wort. 

Cane  Sugar. 

Dextrin. 

Caramel. 

of  aolution. 

25 

1010*4 

lOIOO 

lOIOI 

1009-7 

1008-7 

50 

I030-8 

1020-3 

1020-3 

IOI93 
I038'8 

1017*3 

75 

1031-3 

1030-6 

10303 

1036*3 

100 

1043-4 

1041-2 

1040*6 

1038-3 

1034-9 
1043-8 

"5 

1053*5 

1053-1 

10510 

io6i-8 

10479 

150 

10649 

10630 

io§7  3 

1052-8 

175 

300 

10760 

1087-8 

I074-3 

1085-5 

r« 

10669 
1077:6 

1063-3 
1071-8 
1081-3 

325 

1099-4 

1097-3 

1095-3 
1106-7 

1086-3 

350 

IIII-4 

1 1090 

10958 

1091*0 

Suppose  for  instance  that  1 75  grains  of  cane  sugar  were  dissolved 
in  water,  and  the  solution  diluted  till  it  weighed  1000  grains ;  it 
would  have  a  sp.  gr.  of  1072*9.  This  solution  if  converted  into 
starch  sugar  would  become  increased  in  specific  gravity :  so  that  a 
solution  of  starch  sugar  which  contained  in  1000  grains  of  the 
liquid  a  quantity  of  this  sugar  which  would  be  furnished  by  the 
amount  of  cane  sugar  contained  in  the  first  solution,  would  have, 
as  is  represented  in  the  second  column,  a  specific  gravity  of  1076. 

In  a  direct  experiment,  made  for  the  purpose  of  observing  this 
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effect,  it  was  found  that  a  flolutiou  of  cane  sugar,  to  wbich  a  m 
fieieut  quantity  of  yeast  had  been  added  to  eflect  its  fermentatiofi 
and  which  at  fiii»t  had  a  ap.  gr.  of  1055^  became  in  the  course  < 
an  hour  of  a  sp.  gr.  of  1058,  though  no  fermentation  had  set  in. 
In  another  experiment^    a  solution  of   Bp.   gr.  1055,    containing 
^(jth  of  its  weight  of  yeast,  became  increased  in  four  days  to  1 
sp.  gr,  of  1057-9^  although  no  appearance  of  fermentation^  or  of 
other  change,  was  manifest. 

When  s\igar  h  fermented,  it  ia  assumed  in  theory  to  be 
wholly  converted  into  carbonic  acid  and  alcohol ;  hut  in  practice 
this  is  never  the  case.  It  was  fotmd  by  the  chemists  just 
quoted,  in  three  careful  experiments  on  the  fermentation  of 
cane  sugar,  in  which  one  and  a  half,  three,  and  mx  measures  of 
yeaat  were  respectively  added  to  100  measures  of  the  syrup,  that 
4'4i  3*7*  *^^  3*72  per  cent  of  the  sugar  were  converted  into  a 
brown  soluble  substance  resembling  caramel,  and  at  the  same 
time  a  little  free  lactic  acid  was  formed* 

(b)  Fermentation  of  Bread, 

(955)  Composition  of  Bread  Stuffs. — The  fermentation  which 
takes  place  during  the  manufacture  of  bread  was  formerly  sup^H 
posed  to  be  of  a  diftereut  nature  to  that  which  occurs  during  th©™ 
preparation  of  alcohol,  and  it  was  therefore  described  under  a  dis- 
tinct name,  as  the  panartf  fermentation.  It  it*,  however,  merely 
a  modification  of  the  alcoholic  fermentation,  which  is  produced 
\  by  the  action  of  the  yeast  upon  the  saccharine  matter,  which  is 
I  either  naturally  present  in  the  flour,  or  is  developed  by  the  action 
of  the  ferment  on  tlic  starch.  The  chemical  process  of  baking, 
however,  cannot  be  rightly  understood  without  a  knowledge  of  the 
onlinary  compoisitiou  of  the  principal  varieties  of  flour  employed 
in  the  preparation  of  bread* 

When  corn  is  gromid  in  a  mill,  the  grain  is  reduced  to 
powder,  which  may  be  separated  by  sifting  into  two  principid 
portions — Jlour  and  tran,  Tlie  bran  is  composed  of  the  brownish 
coloured  outer  covering  of  tlie  grain,  which  is  tougher  and  harder 
than  the  internal  portions,  and  consequently  is  not  reduced  by 
grinding  to  so  tine  a  state  of  division :  the  flour  is  produced  by 
the  pulverization  of  the  inner  portion  of  the  grain. 

The  most  important  constituents  of  the  varietic^s  of  com  used 
food  are — i .  starch;  2.  gluten,  a  peculiar  substance  allied  to  albumei 
which  confers  the  tenacity  and  touglmess  uj[jon  dough;  3,  a  small 
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proportion  of  sugar^^  or  of  dextrin ;  4.  a  little  oily  matter ;  5.  a 
small  quantity  of  saline  matter ;  and  6.  a  skeleton  of  ligneous  tissue, 
ivhich  is  the  only  portion  of  the  seed  not  susceptible  of  digestion  in 
the  stomach.  The  proportions  in  which  these  ingredients  are  present 
in  some  of  the  principal  yarieties  of  grain  used  as  food  may  be 
seen  in  the  subjoined  table.  They  vary,  however,  considerably  in 
the  same  grain  when  grown  in  diiferent  climates.  The  proportion 
of  gluten  contained  in  wheat  grown  in  the  southern  parts  of 
Europe,  and  in  the  north  of  Africa,  is  considerably  higher  than 
in  the  best  English-grown  wheat;  and  the  hard  thin-skinned 
wheats  furnish  a  larger  proportion  of  gluten  than  the  softer  varie- 
ties of  the  grain. 


Whole  whMt  med. 

MaiM. 

Deeorti- 
(mtedBioe. 

TtJB. 

PeM. 

PoliAh. 

Hardy 

▲Igerko. 

Authority .    . 
Water  .     .    . 

White. 

P^Iigot. 

Boussingault. 

15-3 

13-6 

13-6 

171 

7*3 

14*7 

8-6 

Starch  .     .     . 

01*3 

60S 

59*8 

59*0 

830 

65*1 

569 

Dextrin     and 

h-. 

Sugar    .     . 

105 

64 

1-5 

Azoti8ed)»oi"We 
matter)  iiuoi. 

v6 

12-7 

2-0 

I -6 
14*4 

|l2*8 

1     ^'^ 

|"-5 

\^6'o 

Oily  matter   . 

I '6 

I'l 

I'l 

70 

0*7 

2*0 

2-3 

Fibre    .    .     . 

i'5 

1*4 

1*5 

I'D 

3*3 

4*4 

SalU     .    .    . 

I  4 

n 

VI 

0*5 

34 

3*1 

1000 

1000 

1000 

1000 

lOO'O 

100.0 

1002 

Water 

Starch 

Dextrin  and     .... 

Su^ar 

Gluten  or  its  equivalent 
Oily  matter      .... 

Fibre  

Salts 

Bna  of  toft 
Frenoh  Wheat. 

Barlej. 

Hopetown 

6ato. 

Norton. 

.3-, 

'ti 

9*7 
6*7 

3*87 

3*75 
13*18 

034 
13*34 

3-6<5 

12*80 

56*89 

1-83 

3*93 
10-29 

4*74 
1*03 
a*49 

98-8 

lOO'OO 

1 0000 

*  M.  P^igot  considers  that  he  has  proved  that  sugar  does  not  exist  ready 
formed  in  the  grain,  or  in  the  freshly  ground  flonr.  He  was  unable  to  dis- 
tin^p:diBh  its  presence  when  the  aqueous  solution  of  the  flour  was  examined  by 
optical  means,  and  he  did  not  find  that  lime  was  dissolved  more  freely  by 
this  solution  than  by  pure  water.  If  sugiur  were  present,  the  lime  should  nave 
been  dissolved  in  proportion  to  the  quantity  of  sugar  in  the  liquid. 
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Tlie  principal  portion  of  the  woody  fibre  is  accumulated  in  w 
bran ;   but  tliis  substance  likewise  contains  a  large  proportion 
nutritive  matter,  for  both  gluten  and  oily  matter  are  deposited  in 
its  cells  more  abundantly  tlian  in  any  other  part  of  the  grain ;  ul 


^to»  333' 
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may  be  ecen  by  the  result  of  its  aualysisJ 
given  above.     Fig.  333  shows  a  Bection  > 
part  of  a  gi-ain  of  rye^    highly  magnifiedt] 
a   indicating  the   cells  forming  the  out 
coat  of  the  seed ;  b,  a  single  row  of  ctl] 
forming  the  inner  seed  coat;  c,  a  layer  of 
cells  containing  gluten,  (these  three  toge- 
ther form  the  bran;)    d,  the  white  imierl 
part  of  the  seed  filled  with  starch  granules^  lodged  in  the  meshes 
of  the  ceihdar  ttssue, 

(957)  Gi-tiTEN. — ^This   characteristic   ingredient  in  the  cereal 
needs  may  be  obtained   in  a  sepanite   form  by  mechanical  means. 
The  flour  is  made  into  a  paste  or  dough,  with  water,  and  placed 
in  a  bag  of  fine  linen,  in  which  it  is  kneaded  in  a  gentle  stream  1 
of  water  so   long  as   the  washings  have  a  milky  appearance ;  the 
starch  is  by  tlas  means  removed  in  suspensiou   in  the  water,  andj 
the   sugar  and  the  dextrin   arc  dissolved*     A  grey,  sticky,  tena- 
cionSj  tasteless  substance,  resembling  bird-lime  in  appearance,  is' 
left  upon  the  cloth,  consisting  mainly  of  gluten,  mixed  with  small 
quantities  of  bran  and  starch,  and  traces  of  oily  matter.      When  - 
dry  it  forms  a   hard,  brownish,  horny-looking  mass.      The  gluten j 
obtained  from  wheat  and   from   rye  possesses  a  peculiar  teuacityj 
wliieh   is  not  observed,  to  anything  like  the  same  extent,  in  thatl 
o!»tained    from    the   other  cereals,    and    it  is   this  tenacity  of  the' 
gluten  which  especially  fits  the  fiour  of  whrat  and  rye  for  conver- 
sion  into  bread.     Gluten  is  soluble  in  cold  acetic  acid,  and  in  weak 
solutions  of  potash  or  of  j*oda.      It  may  be  precipitated  unchanged  m 
from  citlier  of  these  solvents  by  neutralizing  them  exactly  with  an  1 
acid*     The  dilute  mineral  acids  combine  with  gluten  and  form  a 
compound  whicli  is  insoluble  in  excess  of  the  acid.      Gluten  in  its 
moist  state  rapidly  putrefies,  ammonia  is  formed,  whilst  hydrogen 
and  carbonic  acid  are  evolved,  and  the  mass  acquires  the  smell  of 
decaying  cheese.      (Thiten,  however,  cannot  be  regarded  as  a  single 
definite  body  ;  it  consists  of  at  least  two  distinct  sidistances,  one 
of  which  is  soluble  in  hot  akoliol,  whilst  the  other  remains  undis-  h 
solved  when  treated  with  this  menstruum.     This  insoluble  |)ortion 
is  regarded  by  Licbig  and  by  Dumas  as  vegetable  fibrin.      As  the 
alcoholic  solution  oools,  it  deposits  flocculi,  which  have  the  compo- 
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sition  and  properties  of  cadein.  A  third  substance  still  remains 
in  the  alcoholic  liquid,  and  gives  to  this  solution  a  syrupy  or  gela- 
tinous consistence.  On  the  addition  of  water,  a  white  substance 
resembling  albumen  is  precipitated ;  Dumas  and  Cahours  have 
termed  it  glutin :  on  treating  it  with  ether  a  small  quantity  of  | 
fat  is  extracted,  and  it  is  left  in  a  state  of  purity :  it  may  be 
dissolved  by  strong  hydrochloric  acid,  and  communicates  to  it  a 
violet  tint.  It  is,  therefore,  obvious  that  raw  gluten  contains 
several  azotiscd  principles,  which  differ  considerably  in  chemical 
properties,  though,  as  will  be  seen  by  the  subjoined  table,  they  are 
closely  allied  in  ultimate  composition  : — 


Dumas  and  Cahours. 

Bence  Jones. 

Gluten 
Fibrin. 

Glut«n 
C«Min. 

Oludn. 

Crude 
Gluten. 

1 

Carbon 

Hydrogen    .... 
Nitrogen      .... 
Oxygen  and  Sulphur 

53*23 

701 

16*41 

23*35 

53*4<5 
16*04 

23*37 

53*27 
7-17 

15*94 
23*63 

5,r22 

15*98 
21*38 

lOO'OO 

lOO'OO 

lOO'OO       1         lOO'OO 

(95  ft)  Preparation  of  Bread, — In  the  preparation  of  bread,  the 
flour  is  usually  mixed  with  about  lialf  its  weight  of  water,  but 
the  proportion  varies  with  the  quality  of  the  flour.  It  is  then 
thoroughly  kneaded  into  a  stiff  paste,  or  dough,  with  the  addition 
of  a  small  quantity  of  yeast  and  a  little  salt,  and  put  aside,  at  a 
temperature  of  about  70°,  for  some  hours.  The  mass  swells  up,  or, 
as  the  baker  terms  it,  the  sponge  rises  \  that  is  to  say,  the  sugar  ' 
in  the  dough  is  decomposed  by  the  yeast ;  carbonic  acid  is  set  free 
at  all  points  of  the  mass,  and,  being  imprisoned  by  the  tenacious 
nature  of  the  dough,  the  gas  causes  it  to  swell  and  become  porous. 
At  this  stage  it  is  cut  into  pieces  of  suitable  size,  and  is  put  into 
an  oven  heated  to  a  point  between  450^  and  550®  F. ;  the  heat 
causes  the  imprisoned  air  to  expand  still  more,  and  gives  the  light- 
ness of  texture  which  characterizes  good  bread.  On  the  application 
of  heat  to  the  dough,  part  of  the  water  is  expelled,  1 1 7  parts  of 
dough  yielding  100  of  bread ;  the  granules  of  starch  become 
converted  into  the  pasty,  or  gelatinous  condition ;  the  temperature 
of  the  crumb  never  exceeds  212°  F.,  but  the  external  surface  of  the 
loaf  gradually  becomes  dry  and  hard,  and  losing  a  portion  of  its 
chemically  combined  water,  is  partially  converted  into  a  substance 
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allied  to  caramel  (926)^  thus  forming  the  cnui.  The  hread  is  in 
this  manner  permanently  fixed  in  the  shape  which  it  has  acquired. 
During  this  baking,  the  alcohol  formed  by  decompoeition  of  the 
sugar,  whicli  corresponds  in  quantity  to  that  of  the  carbonic  acid, 
is  expelled :  some  years  ago  a  baking  company  was  formed^  in 
Avhose  operations  the  collection  of  this  spirit  formed  an  important 
o])jeet.  This  end  was  attained  by  performing  the  baking  in 
closed  ovens,  furnished  with  a  still  head  for  collecting  and  con- 
densing the  vapours.  The  project  was,  however,  soon  abandoned, 
and  failed  as  a  commercial  speculation,  owing  in  great  measure  to 
tlie  dry  unpalatable  nature  of  the  bread  produced. 

The  French  frequently  employ  leaven  as  a  ferment  instead  of 
yeast.  Leaven  is  dough  kept  from  a  previous  batch  for  twenty- 
four  hours  in  a  warm  place,  till  it  has  begun  to  undergo  fermenta- 
tion spontaneously.  The  decomposition  which  has  commenced  in 
the  leaven  spreads  through  the  fresh  mixture  into  which  it  is 
kneaded.  In  England  a  species  of  unfermented  bread  has  lately 
been  manufactured  to  some  extent ;  in  this  case  also  the  spongi- 
ness  is  given  to  the  dough  by  means  of  carbonic  acid,  which 
is  set  free  by  the  action  of  hydrochloric  acid  on  carbonate 
of  soda;  common  salt,  a  necessary  ingredient  in  bread,  being 
formed  during  the  reaction,  and  a  species  of  bread  is  obtained, 
whicli,  as  might  be  expected,  is  sweeter  than  ordinary  bread,  but 
not  so  light.  According  to  Dr.  Percira,  a  good  bread  of  this 
description  may  be  obtained  by  mixing  the  materials  in  the  fol- 
lowing proportions : — 

Wheat  flour 7  lb. 

Carbonate  of  soda  .  350  to  500  grains. 

Water af  pints. 

Hydrochloric  acid      .     .     .  420  to  560  grains. 

The  soda  and  flour  are  first  intimately  mingled,  and  then  made 
into  dough  with  the  mixture  of  acid  and  water.  If  the  soda  be  not 
equally  and  thoroughly  distributed,  it  is  detected  after  the  baking, 
by  the  formation  of  a  yellow  spot  around  any  portions  of  it  that 
have  escaped  neutralization.  Sponginess  and  lightness  of  texture 
are  sometimes  given  to  pastry  by  the  employment  of  sesquicarbonate 
of  ammonia,  which  is  mixed  with  the  dough  instead  of  yeast :  on 
the  application  of  heat,  the  salt  is  expelled  in  the  gaseous  atate^ 
and  by  its  expansion  mechanically  produces  the  desired  effect. 

In  the  latter  case  it  is  not  improbable  that  the  alkaline  nature 
of  the  salt  has  an  important  influence  upon  the  quality  of  the 
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paste*  Licbig  (Annalen,  xci.  246)  has  observed  that  in  certaia  - 
cases  the  em|iloyriient  of  lime  water  in  the  mauutheture  of  bread 
may  be  resorted  to  with  great  advantage.  In  order  to  understand 
the  etTeet  tbiLs  producetl,  it  mu;»t  be  remembered  that  the  peculiar 
toughness  and  elastic  quality  posae&seil  liy  the  doii^h  furnished 
from  the  flour  of  certain  of  the  cercalia,  is  dependent  nnon  tbe 
gluten  which  they  contain.  It  has  been  obLserved,  that  when 
ghiten  is  kept  in  a  moist  state  it  undergoes  a  change  in  proper- 
ties, in  consequence  of  which  it  slowly  loses  its  soft,  elastic,  and 
insoluble  condition.  If  kept  in  water  for  a  few  days  it  gradually 
dimiuishes  in  bulk  and  becoracs  converted  into  a  turbid,  slimy 
solution,  which  is  not  capable  of  forming  dough  when  mixed 
with  starch*  The  convertibility  of  Hour  into  dough,  by  the  afldition 
of  water,  depends  upon  the  pecuhar  power  which  fresh  gluten 
poeaesses  of  combiiiiog  with  water,  and  of  forming  with  it  a  soft  J 
substance  wliich  does  not  yield  its  water  to  dry  hodica  which  are  ' 
placed  in  contjict  with  it.  Gluten,  bowever,is  a  very  hygroscopic  sub- 
stance ;  and  when  Hour  is  kept  expensed  to  the  air  for  some  time,  it 
gradually  absorbs  moisture ;  in  consequence  of  which  the  ghiten 
slowly  loses  its  tenacity, and  undergoes  a  change  similar  to  that  which 
it  experiences  when  placed  in  water.  This  change  in  the  qualities 
of  the  gluten  occurs  more  rapidly  in  rye  flour  than  in  wheat  flour. 
It  has  been  ascertained  by  Lieliig,  that  flour  in  which  the 
gluten  has  undergone  this  partial  change,  may  have  its  original 
qualities  restored  by  tbe  substitution  of  lime  water  for  common 
water  in  the  preparation  of  bread;  100  parts  of  flour  are  to  be 
mixed  with  26  or  ij  parts  of  satnmted  lime  water,  and  a  sufficiency 
of  ordinary  water  must  be  adiled  to  furnish  dough  of  the  proper 
cousisteuce,  A  given  weight  of  flour,  when  treated  with  lime  water, 
M^as  found  to  yield  5  or  6  per  cent,  more  bread  than  when  made  in 
the  ordinary  way,  and  the  bread  so  ohtaiacd  is  stated  to  be  more 
palatable  than  common  bread. 

It  is  to  be   hoped  that  this  simple  method   will  supersede  the 
employment  of  alum,   which  is  commonly  resorted  to  by  English 
bakers,  to  whiten  the  bread  and  to  improve  the  tenacity  of  the  1 
dough  of  inferior   flour,      Kvcn  sulpliate  of  copper,  a  still  more  j 
deleterious  ingredient,  which  in  minute  quantity  exerts  a  similar  ' 
effect  upon  the  dough,  has  been  employed  in  Belgium   and  else- 
where, for  improving  the  appearance   and   spongiuess  of  the  loaf 
No  satisfactory  explaruition  has   been   atlbrded  of  the   manner  in 
which  these  salts  act.     In  the  ease  of  sulphate  of  copper,  a  single  1 
grain  in  a  41b.  loaf  baa  been  found   to   produce  a  very  marked 
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alteration  in  the  appearance*  of  the  bread  (Kuhlmanu,  T' 
AnnaL  xxi»  447).     Fortimatcly,  the  additiou  of  this  p. 
I  can  be  detected   in  very    minute   quantities,   by  aciduUting 
I  crumb   of  the   loaf   anil  then  moistening   it  with  ferrocyanide 
I  pota^tnium^  when  the  brown  eolotir,  characteristic  of  copper,  is  pr 
duced.     If  tlie  bread  be  incinerated,  the  adh  mav  be  esarained  fd 
copper  in  the  usual  method, 

Keiiy  and  Stale  Bread, — Nci»ly  baked  bread  exiiibits  a  well 
known  clastic  appearance,  and  po^sesse^  a  certain  degree  of 
ture,  which  renders  it  more  palataV>le  to  most  persons  than 
wliich  has  been  kept  for  a  day  or  two,  and  has  become  firmer  and 
drier  in  ap|iearance,  and  which  is  commonly  said  to  have  become 
stale.     It  is  verj^  generally  ^uppoiiied  tliat  this  change  in  properties'^ 
in  bread  which   has   been   kept  for   a    few   days,  is  owing  to  tho^^ 

(loss  of  water  by  keeping.    This,   however,  is  not  the  case.     The 
crumb   of  newly  baked   bread  when   eold»    contains  al)out  45 
J  cent,  of  water,  ami  stale   bread   contains  alnio»t  exactly  the  sam^ 
pi'oportion.     The  difference  in  properties  between  the  tw*o  depend 
I    simply  upon  difference  in  molecular  arrangement*       Boussingan 
[Ann.  de  CMmie,  II L,  xxxvi.  4^2)  found  that  a  loaf  which  had 
kept  for  six  days,  though  it  had  become  very  stale,  had  not  k 
I  more  than  1  per  cent,  of  its  weight  when  new.      This   same  loa 
t  was  then  placed  in  tbc  oven  for  an  hour,  and  at  the  end  of  that_ 
I  time  it  had  acquired  all  the  proiiertics  and  appearance  of  new  br 
j  although  during  the  second  baking  it  lost  ^j  per  cent,  of  wat 
By  enclosing  a  portion  of  bread  in  a  tight  case,  to  prevent  loss 
water  by  evaporation,  the  same  piece  of  bread  was  restored  to 
condition  of  new  bread,  and  then   allowed  to  become  stale  man^ 
times  in  succession  :  a  he^it  of  about  130°  was  found  to  be  sufficieul 
to  reconvert  stale  into  new  bread.      Every  person  who  has  seen 
thick  slice  of  stale  bread  toasted,  may  have  satisfied  himself  tha 
the  crmnb  has  during  this  operation  been  converted  iuto  the  j 
contlition  as  that  of  new  bread. 

{c)  Lactic  Fermentation, 

(959)  It   has  already   been   mentioned,   that   sugar    of  tnilk 

does  not  undergo  the  vinous  fermentation   imder  ordinary    eir^^ 

cumstances.      Milk,  if  it  be    kept   in   a  warm  temperature,  may^H 

j  notwithstanding,  be  converted   into  a  spirituous   liquor,  which  is 

'in  common  use  among  the  Tartars,  who  prepare  it  from  mares' 

milk.     Fruit  sugar  appears  to  be  first  formed  by  the  action  of  the 

^azotiscd    constituents  of  milk  upon   the  lactoi^^   and  the  liquid 
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IS  then  susceptible  of  the  vinous  fermentation.  More  commonly^ 
however^  sugar  of  milk^  when  allowed  to  ferment^  yields  a  product 
of  a  very  different  nature ;  lactic  acid  being  formed,  as  may  be 
seen  in  the  common  case  of  milk  tuniing  sour  in  warm  weather. 
This  acid,  in  its  hydrated  form  (2  HO,  Ci^HioOio)^  has  the  same 
ultimate  composition  as  sugar  of  milk ;  its  oxygen  and  hydrogen 
being  in  the  proportion  to  form  water :  but  the  arrangement  of 
its  ])articles  is  less  complicated  than  that  of  sugar  of  milk ;  and 
its  formation  furnishes  a  good  instance  of  the  reduction  of  a  com- 
plex body  into  one  of  a  simpler  constitution,  by  the  process  of  fer- 
mentation. In  this  case,  the  casein  or  curd  of  the  milk  which  is  the 
basis  of  ordinary  cheese,  acts  as  the  ferment.  Casein  is  rendered 
insoluble  by  the  presence  of  acids,  and  therefore  it  becomes 
separated  in  the  form  of  insoluble  flocculi,  as  soon  as  the  milk 
turns  sour.  When  all  the  curd  has  been  thus  rendered  insoluble, 
the  conversion  of  lactose  into  acid  takes  place  very  slowly,  but  if 
the  acid  be  neutralised  by  carbonate  of  soda,  the  curd  is  redis- 
solved,  and  the  fermentation  or  transformation  is  renewed  in  its 
former  vigour.  No  extrication  of  gas  nor  absorption  of  oxygen 
occurs  during  the  process ;  the  only  perceptible  change  being  the 
gradual  disappearance  of  sugar  of  milk  and  the  production  of  this 
peculiar  acid,  attended  with  the  evolution  of  a  peculiar  offensive 
odour  arising  from  the  decay  of  the  casein  which  accompanies  the 
transformation.  According  to  the  observations  of  Boutron  and 
Fremy,  other  animal  matters  imdergoing  decom{)osition  arc  like-  i 
wise  capable  of  effecting  the  same  transformation :  moistened  ' 
l)ladder,  after  exposure  to  the  air  for  a  certain  time,  and  muscular 
and  albuminous  tissues,  at  a  particular  stage  of  their  decomposi- 
tion, possess  the  same  property.  But  when  the  decomposition  of 
the  animal  tissue  has  advanced  beyond  this  particular  stage,  dif- 
ferent products  are  obtained  :  fermentations  or  transformations 
are  effected  it  is  true,  but  the  results  of  these  changes  are  quite 
different,  inasmuch  as  actions  of  a  nature  different  from  those 
required  for  producing  lactic  acid,  arc  taking  place  in  the  body 
operating  as  a  ferment.  Not  only  sugar  of  milk,  but  starch, 
dextrin,  cane  sugar,  and  gum  pass  readily  into  lactic  acid  under 
the  influence  of  casein  and  the  other  ferments  already  mentioned. 

(rf)   Viscous  Fermentation. 

(960)  Under  certain  circumstances,  sugar  becomes  transformed 
into  a  mucilaginous  substance^  unattended  by  any  evolution  of  gas ; 
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the  liquid  loses  its  sweet  taste,  and  acquires  a  ropy  consistence, 
as  is  sonietiracs  observed  when  sweet  wines  are  kept  for  a  time. 
Tliis  mueilp^uous  substance  is  insoluble  in  alcohol,  and  yields  a 
precipitate  with  subacetate  of  lead,  but  it  differs  from  ordinarjr 
gum  iu  not  yielding  mucic  acid  when  oxidised  by  nitric  acid.  A 
solution  of  tannic  acid  produces  a  precipitate  when  added  to  such  a 
liquid,  and  checks  the  progress  of  the  fermentation.  This  circum- 
stance explains  the  observation,  that  red  wines  which  contain  a 
good  deal  of  astringent  matter  derived  from  the  husk  and  stalks 
of  the  gra{)e,  are  not  liable  to  become  ropy.  The  tendency  of  a 
sweet  liquid  to  l)ccome  ropy  is  also  arrested  by  the  presence  of 
sulphurous  acid  or  of  alum  in  small  quantities ;  the  alum  causes 
the  precipitation  of  the  ferment  in  an  insoluble  form. 

It  has  been  found  that  various  substances,  such  as  boiled  yeast, 
or  the  water  in  which  flour  or  rice  has  been  steeped,  speedily  cause 
sugar  to  undergo  this  transformation ;  and  the  sweet  juice  of  the 
beet  root,  owing  to  the  presence  of  an  analogous  substance,  if  left 
in  a  warm  place  for  a  few  days,  spontaneously  passes  into  the 
viscous  state.  A  quantity  of  mamiite  is  usually  formed  at  the  same 
time  in  these  cases. 


CHAPTER   III. 

TUE   ALCOHOLS   AND    ETHERS. 

§  I.  The  Alcohols. 


(961)  General  Characters  of  the  Alcohols. — ^The  term  alcohol 
was  originally  applied  specifically  to  the  volatile  inflammable 
spirituous  liquid,  which  is  the  characteristic  product  of  the  fer- 
mentation of  sugar ;  but  it  has  since  been  made  generic,  and  is 
now  (^\tcnded  to  a  class  of  bodies  which  possess  chemical  qualities 
analogous  to  those  of  wine  alcohol,  and  which  are  homolognes  of 
that  substance.  Indeed,  this  class  of  compounds  has  already 
affonled  us  some  striking  illustrations  of  the  existence  of  homo* 
logons  groups  (914). 

The  following  is  a  list  of  the  bodies  at  present  known,  which 
belong  to  the  class  of  substances  homologous  with  vinic  alcohol ; 
but  there  can  be  no  doubt  that  as  science  progresses  this  list  will 
be  extended,  and  that  ultimately  an  alcohol  will  be  found  oorre- 
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spending  to  each  term  of  the  series  of  the  volatile  acids  repre- 
sented by  the  general  formula,  HO,  (C^H^^i)  O3 : — 


Aicahola. 


I 
3 
4 

'  I 

,    H. 
I  12. 

,16. 

[30' 


Wood  Rpirit,  or  me-  } 
tb^lie  dL'ohol      ,  ) 

.  Spirit  of  wine,  or  i 
ethylio .  .  .  ,  ( 
Trityfir,  or  propjllc 
Tetrylic*  Of  outylic  . 
FouBt'l  oil,  or  amy  lie 
Hexylie,  or  caproie  . 
Octylie,  or  eaprylic  , 
Laurie;  aleoliol  .  , 
Ktiial,  or  c*'tylic  .    . 

,  Ceroten,  or  eery  lie  . 
Meliisin,  or  meliiwie 


Formula. 


)Spocifie  Gravity 


^CiBm+jO,)  or  (ChHk+^O,  HO)     Uquid.      Y»paur. 

1 


C,  H<  OjorC,  H,  O,  HO  0798      iia 


Oi  H,  O,..  C,  Hj  O,  HO  07938 


r6i3j 


C,H,  0,..C,  H.O.HO 
C,H„0,..C,  H.O.HO 
C„H„0,..C,„H„0.  HO  0-8184,  3«47 
C.,H.A..C„H„0,HO  0833*    3.53 
C,.H.,0,..C,.H.jO.  HO  0-813      45 
CmH„Oj..C„Hj,0,HO 
C^H„0,..C„H„0,HO 
C«H«0,..C„H„0.H0, 


Boilinf 
poinl. 


1499 

269'8 
399*309 
35^ 


•  At  33°  F. 

These  substances,  it  will  be  seen,  each  contain  2  equivalents  of 
oxygen,  combined  with  quantities  of  carbon  and  hydrogen  in  which 
the  number  of  equivalents  of  hydrogen  always  exceeds  by  two,  the 
number  of  equivalents  of  carbon ;  an  even  number  of  equivalents  of 
carbon  being  always  present.  The  alcohols  may  all  be  regarded 
as  compound  oxides  of  hydrogen  and  of  a  peculiar  hydrocarbon 
of  which  the  general  formula  is  C.H,+i.  The  general  formula 
of  an  alcohol,  therefore,  may  be  represented  as  C.H^gOa*  or 
(C,H^^.i)  O,  HO,  in  which  n  represents  an  even  number  of 
equivalents  of  carbon.  The  alcohols  by  imperfect  oxidation 
furnish  aldehyds;  and  these  bodies  by  the  further  absorption  of 
oxygen  yield  acids ;  the  latter  in  their  hydrated  form  contain  the 
same  number  of  equivalents  of  carbon  as  the  alcohol  from  which 
they  were  procured,  but  2  equivalents  less  of  hydrogen,  and  2 
equivalents  more  of  oxygen,  than  the  alcohol  {vide  table,  page  33). 
The  alcohols  are  further  characterized  by  yielding,  when  treated 
with  sulphuric  acid  and  other  dehydrating  compounds,  a  class  of 
substances  termed  ethers,  which  admit  of  being  regarded  as 
alcohols,  minus  i  equivalent  of  water,  though,  as  will  hereafter 
be  explained  (986),  there  is  reason  to  believe  that  this  does  not 
truly  represent  the  mode  of  their  formation. 

(962)  Alcohol;  Eihylic  or  Vinic  Alcohol,  Spirit  of  Wine: 
(C4H5O,),  Eq.  46,  Sp.  gr.  of  liquid  at  6o^  07938 ;    of  vapour 


i6i^^, — Alcohol  is  a  colourless  volatile  inflammable  liquid^  of  an 
a^reeHble  weli-knowQ  spirituous  odour,  and  an  acrid  buruin^r 
tiiste.  Wbeii  pure  it  has  a  specific  ^ranty  of  0-815  ®*  3^^* 
It  boils  at  ijf,  and  has  never  been  frozen,  though  at  a  teroj>era* 
ture  of—  i()6-  F*  it  becomes  nscid  (Faraday).  Wheu  taken  in 
^mall  quantities  in  a  diluted  form  it  fumislies  a  usef»il  and  well- 
known  stimulant,  forming  the  basis  of  all  fermented  liquors,  tn 
large  quantities  it  pruduces  intoxication,  and  acts  as  a  powerful 
narcotic  poison,  frequently  occasioning  fatal  results  when  taken  ia 
a  concentrated  state  and  in  excess. 

Alcohol  furnishes  a  cleanly  and  valuable  fuel  to  the  chemist; 
it  emits  a  high  temperature  during  its  combustion,  and  depo&ita 
no  soot  upon  cold  bodies  which  are  introduced  into  its  flarac. 
When  burned  in  air  it  emits  but  little  liglit,  and  is  wholly  converted 
into  carbonic  acid  and  water:  4  volumes,  or  1  equivalent  of  alcohol 
vafjonr,  tbr  complete  eomhuNtion  requires  3  times  its  bulk,  or  12 
equivalents  of  oxygen  ;  €411^0^+  12  0  =  4  CO^-f^  HO.  When  the 
vapour  of  alcohol  \a  transmitted  through  red-hot  tubes  it  is  dc* 
cumposed,  carbon  is  deposited,  and  carburettcd  hydrogen^  free 
hydrogen,  and  water,  arc  produced* 

When  alcohol  is  exposed  in  its  concentrated  form  to  the 
atmoispIuTC  it  attracts  moisture,  like  siilphuric  acid;  and  like  this 
compound^  when  mixed  with  water  it  emits  heat  and  contracts 
in  bulk,  though  to  a  considerably  less  extent;  the  observed  density 
of  the  mixture  is  thercfV>re  greater  than  its  calculated  mean 
density.  According  to  Rudberg,  the  condensation  is  greatest 
when  5373Q  measures  of  alcohol  and  49*836  of  water  are  mixed 
at  59"* :  tlicse  proportions  corresjiond  to  i  equivalent  of  alcohol  and 
6  equivalents  of  water ;  when  cooled  again  to  59,  they  occupy 
only  100  measures  instead  of  103*575,  and  have  a  sp.  gr.  of  0*9^7. 
From  the  importance  of  alcohol  as  an  exciscable  article,  great  labour 
has  been  bestowed  iqion  the  means  for  readily  determining  its  per- 
centage in  spirituous  liquors ;  the  method  in  common  use  for  dis* 
tilled  spirits  consists  in  determining  the  specific  gravity  by  means  of 
a  sensitive  hydrometer,  and  taijles  have  been  constructed  for  showing 
the  percentage  of  alcohol  in  mixtures  of  various  densities.  In  these 
causes  great  attention  must  be  paid  to  tlie  temperature,  since  slight 
differences  in  this  particular  make  a  material  variation  in  the 
density.  The  terra  proof  spirit,  in  constant  use  among  the  excise,  is 
defined  by  an  Act  of  Parliament  (58  George  IIL),  to  he  "such  as 
shall  at  the  temperature  of  51°  F;  weigh  exactly  twelve  thirteenth 
parts  of  an  equal  measure  of  distilled  water/*     It  consists  of  water 
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5076,  alcohol  49*24  by  weight,  and  indicates  alcohol  of  sp.  gr. 
0*920  (Drinkwater  0*91984).  The  term  derives  its  origin  from  the 
rude  method  of  proof  formerly  in  use,  in  which  gunpowder  was 
moistened  with  the  spirit  of  wine  to  be  tried,  and  the  alcohol 
ignited  ;  if  it  fired  the  powder  it  was  said  to  be  over  proof,  but  if 
the  spirit  burned  off  and  lefl  the  ponder  damp,  it  was  considered 
underproof;  the  weakest  spirit  capable  of  thus  firing  powder  had 
a  sp.  gr.  of  about  0*920.* 

Alcohol  is  a  solvent  of  great  value  to  the  chemist.  It  usually 
exerts  but  little  chemical  action  upon  the  bodies  which  it  dissolves, 
and  owing  to  its  volatility  it  is  easily  expelled  by  a  gentle  heat, 
leaving  the  substances  which  it  previously  held  in  solution  in  a 
pure  state.  Alcohol  dissolves  many  of  the  gases  freely ;  some  of 
them,  as,  for  instance,  protoxide  of  nitrogen,  carbonic  acid^ 
phosphuretted  hydrogen  and  cyanogen,  are  dissolved  by  it  more 
readily  than  by  water.  Iodine  and  bromine  are  also  readily 
soluble  in  it,  but  the  solutions  gradually  undergo  decomposition 
in  consequence  of  the  reaction  of  iodine  and  bromine  upon  the 
alcohol.  Absolute  alcohol  dissolves  small  quantities  of  phos- 
phorus and  of  sulphur.  The  alkaline  sulphides,  as  well  as  caustic 
potash  and  soda,  are  soluble  in  it  to  a  very  large  extent ;  and  , 
ammoniacal  gas  is  absorbed  by  it  nearly  as  readily  as  by  water ;  J 
but  it  docs  not  dissolve  the  carbonates  of  these  alkalies.  Alco-  ^ 
holic  solutions  of  caustic  potash  and  soda  act  powerfully  as  reduc- 
ing agents  upon  many  metallic  solutions,  such  as  those  of  platinum  ; 
they  gradually  absorb  oxygen  from  the  air,  and  become  brown^ 
owing  to  the  formation  of  a  resiuoid  substance. 

Most  of  the  deliquescent  salts  are  soluble  in  alcohol,  but  the 
efflorescent  salts,  and  those  which  are  sparingly  soluble  in  water, 
are  not  dissolved  by  it.  Anhydrous  alcohol  combines  with  many 
anhydrous  saline  bodies  in  definite  proportions,  and  forms  with 
them  crystallizable  compoundsi,  in  which  the  alcohol,  according  to 
Graham,  occupies  the  place  of  water  of  crystallization.  The 
chlorides  and  the  nitrates  offer  the  best  examples  of  the  formation 
of  these  alcoates.  The  compound  with  chloride  of  calcium,  CaCi  + 
2  (C^HqOj),  crystallizes  readily ;  and  analogous  compounds  may 
be  obtained  with  the  chlorides  of  zinc  and  of  manganese,  nnd  with 
the  nitrates  of  lime  and  of  magnesia. 

Alcohol  likewise  dissolves  many  organic  bodies  freely,  such  as 


*  In  the  Appendix  two  tables  of  the  strength  of  alcohol  at  different  specific 
gravities  will  be  found. 
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tlic  resins,  the  essentia]  oib,  the  vegetable  alkaloids,  and  manv  of 
t!»e  ve^etnble  acids.  It  also  dissolves  more  sparingly,  sugar,  and 
the  soaps  of  potash,  soda,  and  ammonia ;  but  the  fata  and  fixed 
oils,  with  the  exeeption  of  eastor  oil,  are  dissolved   by  it  in  hut 

small  qiiari titles. 

A  cliaractcristio  reaction  of  alcohol  is  its  power  of  fomiinff 
fulminate  of  silver,  when  i  grain  of  silver  is  dissolved  in  20  grains 
of  nitric  acid,  and  about  50  of  alcohol  are  added ;  crystals  of 
fulminate  of  silver  arc  gradually  deposited. 

Preparation. — Alcohol   may  be  obtained  in  a  state    of  purity  ■ 
by   sul>jecting   to   distillation    any   saccharine    solution    that  haa  ^ 
undergone   fcrmcTitatiou  ;   for  Ix^ing  more  volatile    thao    water  it 
passes  over  in  tlie  first  part  of  the  distillation,  accompanied  withj 
more  or  less  water.     By  repeated   rectifications,   or   by    a   single 
*  operatifm  in  Coftcy*s  still  (175),  it  may  be  conccntratetl  till  it  con* 
tains  about  10  i>cr  cent,  of  water.     Beyond   this  point   the  water 
adheres  to  it  so  strongly  that  it  requires  a  different  process  for  the^J 
complete  separation  of  the  last  portions : — it  is  Hrst  rectified  froid^ 
charcoal,  with  a  view  of  retaining  all   essential  oils  to  which  the 
peculiar  odour  and   Havour  of  difiercnt   spirits  are  mainly  owiug^^ 
and   is  then  mixed  with  about  half  its  weight  of  quicklime,  B^ndH 
allowed   to    stand    for   tlircc   or   four  days  t    the   lime    gradually^     ' 
slakes  and  falls  to  powder  in  consequence  of  its  conversion  into  a^ 
hydrate  at  the  expense  of  the  water  in  the  alcohol ;  then,  on  applys^f 
ing  heat  by  meaus  of  a  bath  of  chloride  of  calcium,  the  pure  spirit^ 
may  be  distilled   off",  the  hydrate   of  lime   retaining  the  water  at 
temperatures  far   above   300^  F.      The  alcohol   thus   obtained  is 
anhydrous,  or  as  it  is  often  termed,  absolute  aieohoL 

Berthclot  has  recently  pointed  out  a  means  of  obtaining 
alcohol  gyuthctically,  by  forming  a  solution  of  olefiant  gas  in  oil  of 
vitriol,  then  diluting  the  mixture  and  submitting  it  to  distillatto] 
Small  quuMtities  of  dilute  alcohol  are  thus  obtained  with  facili 
{983).  This  process  is  tlie  more  interesting  as  it  will  possibly  admit 
of  application  to  t!ie  preparation  of  alcohols  not  hitherto  isolated  ; 
most  of  the  hydrocarbons  which  are  homologous  with  olefiant  gas 
are  known  in  a  separate  form,  though  several  of  the  alcohols  are 
not :  it  appears  probable,  tberefore,  that  by  treating  a  solution  of 
such  hydrocarbons  in  oil  of  vitriol  with  w^ater,  and  then  distilling, 
the  alcohols  w^ould  be  procured  in  small  quantities  without  much 
difficulty. 

(963)   Wineij  Fermented  Liquors,  and  F;,nnts,—T\n-  varioi 
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tinds  of  »plrit3  in  use  derive  their  names  from  accidental  circum- 
staiicesj  often  from  the  flavour  which  tTiey  possess.      Thus,  ffin  is 
spirit  flavoured  by  distilling  it  with  juniper  berries ;  pepprrmint 
owes  its  aroma  to  the  essentiaJ  oil  of  the  plant  after  whieli  it  is 
named ;  whiskey  is  spirit  distilled  from   wort  prepared  from  malt 
which    has    been   dried   over  a  peat   Are,   to  which   ita  peculiar 
flavour  is  due;  arrack  is  a  spirit  di.stille<l  from  fermented  rice;  and 
ruMj   a  West  Indian  product  from  molasses ;  brandy  is  really  the 
spirit  of  \nne,   being   obtained    from  wines   by  distillation,    and 
coloured    more  or  less  deeply  with   burnt   sugar.      In   all   these 
eases  the  characteristic  flavour  depends  upon  a  small  quantity  of 
ftome  volatile  oil  or  compound  ether  which   passes  over  with  the 
spirit  during  tlje  process  of  distillation.     The  varieties  of  spirits 
are  very  numerous,  and  those  of  fermented  liquors  wliich  are  U!*ed 
without  subjecting  them  to  distillation,  are  still  greater.     To  this 
class  belong:  all  the  different  kintls  of  wine,  which  owe  their  pecu- 
liarities of  flavour  partly  to  the  different  flavour  which  the  grapes 
possess  in  diflfcrent  climates,  according  as  the  saccharine,  the  aro- 
matic, the  acidulous,  or  the  astringent  principle  of  the  fruit  pre- 
dominates, and  also  partly  to  the  manner  in  which  the  hquid   is 
prepared.      When  fermentation  is  allowed  to  proceed  until  all  the 
sugar  is  transformed  into  spirit,  a  dry  wine  is   produced  ;  w^hen 
checked  before  this  term   is  reached,  the  result  is   a   rich   fruity 
wine ;   and  wlien  Ixjttled  whilst  tlie  fermentation  is  in  full  vigour, 
a  brisk  effervescent  wine  like  champagne  is  the  result.     It  is  a 
common  practice  to  add  cane  sugar  to  champagne  before  ix>ttling* 
According  to  the  experiments  of  Dr.  Bence  Jones,  claret,  Bur- 
gundy, and  the  wines  of  the  Rhine  and  the  Moselle,  contain  no 
sensible  quantity  of  sugar  j  sherry  yields  from  I  to  5  per  cent.,  port 
from  3  to  7  per  cent.,  and  Tokay  as  much  as  17  per  cent,  of  sugar. 
The  ageing  of  wine  and  consequent  cliange  of  flavour,  depends  partly 
upon  the  very  graduiil  fermentation  of  sugar  still  retained  iu  rich 
wines,  and  partly  upon  the  slow  separation  of  saline  matter,  princi- 
pally in  the  form  of  lii  tartrate  of  potash,  which  becomes  less  soluble 
as  the  pro|)ortion  of  spirit  increases,  and  is  deposited,   particularly 
from  port  wines,  as  a  crust  of  tartar  upon  the  sides  of  the  Ixjttle. 
An   important  part   of  the  change  of  flavour   appears  also  to  be 
owing  to  the  slow  formation  of  minute  quantities  of  fragrant  and 
aromatic  ethers  which  are  gradually  produced   by  the  i*caction  of 
the  vegetable  acids  upon  the  alcoholic  portion  of  the  wine. 

Some  wines   instead   of  improving,   become   ropy  by  keeping. 
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lTIiis  ooctjrs  only  with    sweet  wines,    and   is   clue    to    a 
S|iccie»  of  fermentatiou  in  whicli  the  sugar  passes  into  the  udctj^J 
tallizablo  form  of  mtieilage  (942,  960).   Wiues  are  usually  'whiti 
or  red,  according  as   the   husk  of  tlie  g^rape   is  colotired  or  notA 
and  ticconliiig  as  the  mu^t  hait  been  allowed  to  fermeut  iu  contact | 
with  it  or  otherwise. 

It  is  obvious  tliat  in  wines  and  other  fermented  liquors  which 
have   not   been  subnntted  to  distillation^  all   the   soluble    matter 
of  the  fruit  is  present  in   the  beverage.     Other  aaceharine  jtiicesyl 
besides  those  of  the  grape,  admit  of  being  fermented,  and  thus  al 
great  variety  of  drinks  may  be  produced.  Beer  and  ale,  for  example, 
consist  of  an  infusiun   of  malt,  flavoured  by  the  aromatic  bitter 
of  the  hop,  and  subsequently   fcrnieuted.      The  dlflerent  kinds  ofl 
porter  are  similarly  prepared,  and  owe  their  dark  colour  to  thai 
u^  of  high-dried  malt :  cider  is  the  fermented  jmce  of  the  apples! 
petTf/   is   a   similar   liquor   obtained   from   the    pear;    and  nearlj 
every  fruit  may  be  made  to  yield  its  own  peeidiar  liqueur.      Eve 
savage   nations  evince   a   knowledge  of   this  fact.     The  natii? 
of  the  islands  in  the  Paeifie,  when  discovered   by  Cook,   not  oidj 
knew  how  to   prepare  an  intoxicating   liquor   from    tlie   juice  of 
the  cocoa-nutj   but   they  even  rectified  it  by  a  rude   process  of 
distillation. 

Since  foreign  matters  are  present  in  all  fermented  liquors,  th^i 
specific  gravity  would,  except  in  special  cases,  be  no  guide  to  th^H 
quantity  of  spirit  contained  in  them  *     A  simple  means  of  over-^i 
coming  this  ditliculty  was  successfully  practised  i>y  Mr.  Braude : — 
earbt>nate  of  potash  is  soluble  iu  water,  but  insoluble  iu  alcohol 
when    perfectly   dry  carl>onate   of  potash  is  pouretl  into    a  mix 
ture    of    alcohol     and    water,    the    salt    becomes    dissolved     i 
the  water,  and   the  solution  separates   into  two   layers,  the  upper 
of   whicli    consists  of   alcohol  of  sp.  gr.  o  825.     By  employing  a. 
graduatetl  tube  for  the  experiment,  the  vohime  of  alcohol   whicW 
is  contained  in  any  wine  or  liquor  may  be  read  off  at  once   by 
inspection, 

Dr,  Christison  submitted  diftcrcnt  wines  to  distillatioui  in 
order  to  determine  their  percentage  of  alcohol  ;  he  thus 
obtained  a  series  of  results^  the  most  important  of  which  are 
embodied   iu   the   following  talde.      The  numbers  represent    the 


•  See  *'  Report  on  Ori^tnfil  Gravities  **  by  M,M.  Graham,  Hofmana,  aad 
Redwood,  (Quart.  Journ.  Chem.  i>oc.  v.  iig). 


WOOD    SPIRIT.  125 

weight  of  absolute  alcohol  contained  in  lOO  parts  of  each  variety 
of  wine  or  fermented  liquor : — 

Port from  i4'97  to  i7*io 

Dry  Lisbon 16' 14 

Madeira from  14*09  to  16*90 

Sherry „     13-98  „  16*17 

Teneriffe ^3*64 

Shiraz ^^'95 

Malmsey 12*86 

Amontillado 12'6^ 

Claret from    7*72  to    8*99 

Hambacher 7*35 

Rudesheimer       ....  from    6*90  to    8*40 

Edinburgh  ale    ...      .  „       570  „     6*o6 

Best  London  porter      .     .  5-36 

(964)  Wood  Spirit  ;  or  Methylic  Alcohol,  Pyroxylic  Spirit ; 
(C2H3O,  HO).  Sp.  gr.  of  liquid  at  32°  0*8179;  of  vapour  1*12. — 
Wood  spirit  has  not  as  yet  been  procured  by  any  process  of  fer- 
mentation ;  it  is  found  amongst  the  volatile  products  obtained  by 
the  destructive  distillation  of  wood  at  a  high  temperature  in  close 
vessels,  accompanied  by  a  large  quantity  of  impure  acetic  acid, 
acetate  of  ammonia,  acetate  of  methyl,  tarry  matter,  and  various 
hydrocarbons. 

Purification. — In  order  to  isolate  the  wood  spirit,  the  crude 
products  of  the  distillation  are  rectified  by  the  heat  of  a  water 
bath,  and  the  product  is  distilled  from  quicklime,  which  retains 
the  acetic  acid,  the  water,  and  tarry  matter.  The  wood  naphtha 
of  commerce  is  simply  rectified  from  chalk;  as  thus  prepared 
it  is  a  mixture  consisting  chiefly  of  methylic  alcohol  and 
acetate  of  methyl,  with  certain  oily  hydrocarbons  insoluble  in 
water.  In  order  to  free  it  from  these  impurities,  the  commercial 
spirit  may  be  saturated  with  chloride  of  calcium,  which  forms 
with  pyroxylic  spirit  a  compound  not  decomposable  at  the  tempe- 
rature of  boiling  water :  the  mixture  is  subjected  to  the  heat  of  a 
steam-bath  in  a  retort,  and  the  volatile  portions  are  thus  expelled. 
The  residue,  which  retains  the  wood  spirit,  is  mixed  with  an  equal 
weight  of  water,  by  which  the  spirit  is  displaced  from  its  combi- 
nation with  the  chloride ;  and  on  renewing  the  application  of  heat, 
pyroxylic  spirit,  mixed  with  a  little  water,  passes  over ;  a  second 
rectification  from  quicklime  furnishes  it  in  a  state  of  purity. 

Propertie$. — Wood  spirit  is  a  limpid,  inflammable,  colourless 
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liquid,  of  a  penetrating  empyreumatic  odonr^  and  a  disagreeable 
burning  taste.  It  bas  a  sp.  gr.  of  0*798  at  68^,  and  boils  at  149*9 
(Kopp).  It  is  soluble  in  water,  alcohol,  and  ether,  in  all  propor- 
tions. It  is  very  inflammable,  and  boms  with  a  pale  flame,  for- 
nishing  carbonic  acid  and  water.  When  pure  it  does  not  reduce 
the  subnitrate  of  mercury  if  mixed  with  its  solution.  Pjrroxylic 
spirit  mixes  readily  with  the  essential  oils,  and  dissolves  manj 
fatty  bodies  and  resins  with  fiicility.  Its  principal  application  in 
the  arts,  as  crude  wood  naphtha,  is  founded  upon  its  power  of 

1  dissolving  the  resins,  which,  when  thus  dissolved,  are  employed  as 
varnishes.  A  solution  of  shellac,  and  other  resins  in  wood  naphtha, 
is  extensively  used  for  stiffening  the  basis  of  silk  hats.  The 
hydrates  of  the  alkalies  are  soluble  in  wood  spirit,  but  they  imme- 
diately colour  it  brown.  Dr.  Ure  proposes  to  use  this  reaction  as 
a  means  of  discovering  small  quantities  of  pyroxylic  spirit  when 
mixed  with  alcohol;  since  alcohol  is  not  thus  altered  in  colour 
mitil  after  a  considerable  lapse  of  time. 

It  has  already  been  mentioned  that  when  alcohol  is  submitted 
to  a  gradual  and  incomplete  oxidation,  one  of  the  products  of  the 
operation  is  aldehyd  (971),  which  passes,  by  further  oxidation, 
into  acetic  acid.  Now,  wood  spirit  may  in  like  manner  be  sub- 
jected to  partial  oxidation,  under  the  influence  of  finely  divided 
platinum ;  and,  though  the  different  stages  of  the  process  have 
been  less  satisfactorily  investigated  than  those  which  occur  with 
ordinary  alcohol,  it  appears  that  an  intermediate  substance  i» 
formed,  which,  like  aldehyd,  has  the  power  of  reducing  the  salts 
of  silver ;  and  finally,  a  strong  solution  of  formic  acid  is  produced. 
This  acid  stands  in  the  same  relation  to  the  methylic  series  that 
the  acetic  docs  to  the  ethylic  series : — 

Alcohol.  Ac«tio  Acid. 

C4H5O,  HO  +  4  O  =  HO,  QHjd,  +  a  HO 

"Wood  Spirit.  Formic  Acid. 

C3H3O,  HO  +  4  O  =  ilO,  C2H  O3  +  a  HO 
This  method,  howcverj  is  not  an  advantageous  one  for  the  prepa- 
ration of  formic  acid,  since  it  is  difficult  to  prevent  the  oxidation 
from  going  a  stage  further,  and  converting  the  formic  acid  into 
carbonic  acid  and  water; 

no,  C2HO3  +  O  =  2  HO  +  2  (COa) 

(965)    Tritylic  (or  propylic)   Alcohol  (C JI7O,  HO) ;  £|p.  gr. 
of  vapour  2*02. — Although,  during  the  ordinary  process  of  the  fer* 
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mentation  of  fruit  or  grape  sugar,  the  products  are  carbonic  acid 
and  ordinary  (ethylic)  alcohol,  it  usually  happens  that  minute 
quantities  of  other  homologous  bodies  are  formed.  This  is  par- 
ticularly the  case  when  masses  of  the  husk  of  the  grape,  from 
which  the  juice  has  been  expressed  (technically  termed  the  marc 
of  the  grape),  are  thrown  aside,  and  allowed  to  ferment.  The 
saccharine  matter  which  they  still  retain  undergoes  decomposition, 
and  when  the  fermented  liquor  furnished  by  them  is  submitted  to 
distillation,  a  mixture  of  tritylic,  tctrylic  (butylic),  amy  lie,  and 
hexylic  (caproic)  alcohol  is  obtained. 

These  different  modes  of  fermentation  admit  of  explanation  by 
means  of  the  following  equations,  in  which  it  is  assumed  that  in 
addition  to  the  separation  of  carbonic  acid,  a  certain  quantity  of 
water  is  eliminated  at  the  same  time : — 

Aloohola. 


Sagw.  EthyUc.  Tritylie. 


a(C„H„0„)    =    SCO,    +    2HO    +       C,H,0,     +    a(C.U,0,) 

Butylic. 

3  (C„H„0,^    =    8  CO,    +    4  HO    +3  (C,H„0,) 

Tritylic.  Amjllc. 

a(C,,Hi30»,)    =    SCO,    +    4HO     +      (C^hTo^     +       (cilH^A) 

Ethjlio.  Hezyllc. 

2(C„H„0„)    =    SCO,    +    4HO     +      (C,H,0,)     +       (Ci,H,A) 

Tritylic  alcohol,  the  third  term  of  the  alcoholic  series,  is  obtained 
only  in  small  quantity  from  the  fermented  marc.  It  is  a  limpid, 
colourless  liquid,  lighter  than  water,  with  an  agreeable  fruity 
odour.  It  boils  at  about  2o6°.  Although  freely  soluble  in  water, 
it  does  not  mix  with  it  in  all  proportions. 

(966)  Tetrylic  (or  butylic)  Alcohol  {C^^jO,  HO).  Sp.  gr.  of 
liquid  0*8032;  of  vapour  2*589. — Wurtz  procured  tliis  fourth  term 
of  the  alcohols  during  the  rectification  of  fousel  oil  obtained  from 
beet-root  spirits ;  it  is  contained  in  that  portion  which  boils  below 
266^.  By  fractional  distillation  this  portion  may  be  made  to 
yield  a  liquid,  the  boiling  point  of  which  remains  steady  at  233°, 
and  which  is  the  desired  alcohol.  Tetrylic  alcohol  is  a  colourless 
liquid  of  high  refracting  power,  lighter  than  water,  and  only  par- 
tially soluble  in  water.  It  has  an  odour  resembling  that  of  fousel 
oil,  but  less  oppressive.  When  heated  with  the  hydrate  of  potash, 
it  is  readily  converted  into  butyrate  of  potash,  with  evolution  of 
hydrogen ;  and,  when  mixed  with  concentrated  sulphuric  acid,  it 
forms  sulphoteirylic  acid  (HO,  CyH^O,  S^jOJ  without  difficulty. 
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i^yj;;  Amtlic  Alcohol.  Fottsei  Oil,  Poiato  Sjiirit  (Cn,HnC 
HO).  Sp.  ffr,  of  luiuid  (at  32^)  0*837;  */  tnpour  5*147* — ^Th 
vafa»tanoe,  which  constitutes  the  fifth  term  of  the  alcohol  series^  U 
a  frequent  impurity  iu  brandies  distilleil  from  fermented  potatoes, 
barley,  rye,  and  the  marc  of  grapes^  to  which  it  commuiiicatei  a 
peeultar  offensive  odour  and  taste.  Since  it  is  eansiderablT  less 
Tolmiile  than  either  alcohol  or  water^  it  accumulates  in  the  U«t 
pcntioiia  of  the  liquid  when  such  brandies  are  submitted  to  4ift» 
tillatiotL 

Amylic  alcohol  is  a  colourless,  limpid  liquid,  which  has  a 
sistent,  penetrating,  and  oppressive  odour^  and  a  bm-ning 
It  is  but  sparingly  soluble  in  water,  though  it  may  be 
with  alcohol,  ether,  and  the  essential  oil&,  in  all  proportions.  It 
vajK)ur  is  very  irritating  -when  respired  ;  it  burns  with  tliflicultj 
with  a  bluish  flame.  The  S4>ecific  gravity  of  fousel  oU  at  59°  is 
0*8184.  It  boils  at  269^*8  (Kopp),  and  at  about  — 4^  confab 
into  crystalline  plates.  Amylic  alcohol  causes  a  left-hiinded  rota- 
tion of  the  plane  of  polarization  iu  a  ray  of  polarized  lights  but 
extent  of  tliis  power  varies  greatly  in  different  sj)ecimeiis. 

Under  the  intluencc  of  spongy  platinum,  amylic  alcohol  gradu 
ally  absorbs  oxygen,  whilst   hydrogen  is  eliminated  iji   the 
of  water,  and  valeric  acid  is  produced  ;  this  acid  bears  the 
relation    to    amylic   alcohol   that   acetic    acid   does    to    or 
alcohol : — 

FqumI  Oi).  Valeric  Acid* 


CjoHiA  +  40^  no,  CioH^Oj  +  2  no 

The  action  of  nitric   acid    upon   amylic   alcohol 


11 


varies   with 
degree  of  its   concentration  and  the  temperature  of  the   mixt 
as  it  may  be  made  to  yield  nitrate  of  arayl,  valeric  acid,  valerate 
amyl,  or  valeric  aldehyd*      Hydrate  of  potash  is  freely  soluble 
fousel  oil.      If  fousel  oil  he  heated  on  a  mixture  of  hydrate  of  j>ot 
and  lime  to  430"^,  valerate  of  potash  is  formed,  whilst  hydrogeii  is"' 
liberated  :— 

C,„Hi,03  -f  KO,  HO  ^  KO,  Ci,U«Os  +  4  H.  | 

When  treated   with   pliosphorie    acid,   or   with    chloride   of   ziur, 
fousel  oil  yields  hydrocarbons  homologous  with  olefiaut  gas. 


(968)  HeTylic,  or  Caproic  Alcohol  (Ci.Hi^O.).      Sp.  ^r.  at 
0*833;  of  vapour  3*53. — This  compound  has  also  l)een  obtained  froii 
the  fermented  marc  of  the  grape.      It  is  a  limpid,  aromatic  liqi    ^ 
whicli  is  insoluble  in  water,  and  boils  between  299°  and  309^,     It" 
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yields  caproate  of  potash,  with  diseu^gement  of  hydrogen,  when 
I  lieated  ynth  hydrate  of  potash ;  caproic  acid  standing  in  the  same 
relation  to  hexylio  alcohol  that  acetic  acid  does  to  ordinary  alcohol. 
The  seventh  member  of  the  alcoholic  group  is  not  yet  known. 

(969)  Octylic,  OT  Caprylic  Aicohol  (Ci^Hj^Oj),  Sjh  ^r.  of  liquid 
i  0"823  at  62^;  qf  vapour  4:^, — This  substance  occurs  in  small  quan- 
tity io  the  fermented  marc  of  the  grape;  but  its  most  interesting 

and  available  source  is  castor  oil  (Bonis.  Ann.deChimie  lll.xJiv.  100). 
Castor  oil  consists  principally  of  the  glycerin  eompoimd  of  a  pecu- 
liar acid,  richwlic  acid  (1132),  the  formula  for  the  latter  in  ita 
hydratcd  state  being  (HO,  C^flir^aO^),  This  acid,  when  heated 
with  an  excess  of  hydrate  of  potash  to  about  480",  undergoes 
decomj}ositio[i ;  sebate  of  potash  being  formed  wliilst  octylic 
alcohol  and  hydrogen  arc  liberate^l,  as  shown  by  the  following 
equation  :■ — 

Bidnolie  Add*  S^^Mt*  Potaab.  Qctjhc  Alcohol. 

HO,  C,«H3,0,  +  2  (KO,HO)  =  2  KO,  C^H,,0,  +  cijl^2+  ^  H. 
In  order  to  isolate  the  alcohol,  the  castor  oil  is  saponified  by 
means  of  potash  or  8od*a,  and  afterwards  an  excess  of  the  hydrated 
alkali,  amoimtiiig  to  about  half  the  weijj^ht  of  the  oil  operated 
upon,  is  added.  The  mass  is  heated  moderately  in  a  retort.  It 
froths  up  at  iirst  considerably ;  but  the  foam  gradually  subsides, 
and  a  fragrant  oily  liquid  distds  over,  which  collects  in  the  receiver 
above  the  water  by  which  it  i:^  accompanied.  The  residue  in  the 
retort  may  Ije  employed  for  the  prepuration  of  sebacic  acid  (1179). 
This  distilled  oil,  which  usually  amounts  to  from  a  fourth  to  a 
fifth  of  the  weight  of  the  oil  operated  upon,  must  be  purified  by 
repeated  rectifications  from  hydrate  of  potash,  nntU  the  residue  no 
longer  has  a  brown  colour. 

Octylic  alcohol  is  a  colourless  liquid,  of  a  powerful  persistent 
aromatic  odours  it  leaves  a  greasy  stain  upon  paper,  is  insoluble 
in  water,  but  freely  soluble  in  alcohol  and  ether,  as  well  as  in 
acetic  acid.  It  dissolves  fatty  and  resinous  bodies  with  facility. 
It  undergoes  no  change  when  exposed  to  the  air.  The  boiling  point 
of  octylic  alcohol  is  3^56'^.  It  Inirns  with  a  white  lumiiiouH  flame. 
Sulphuric  acid  combirics  with  the  alcohol,  and  forms  sulphucaprylic^ 
QT mil phncbj lie  ^ciA J  viXnch  yields  cr)'^stallizal>le  salts.  M.  Bouis  has 
obtaiued  a  large  number  of  com[K3und  and  double  ethers  with  this 
alcohol ;  some  of  them  are  very  tragrant  aud  aromatic. 

The  other  alcohols  will  be  alluded  to 


(1134,  1135.  1175)- 


peaking  of  the  fats 
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§  II.  Products  of  the  gradual  Oxidation  of   the  Alco 

(970)  General  Properties  of  the  Aldehyds, — It  has  al 
])0('n  mentioned  that  when  alcohol  is  burned  with  free  £ 
of  air,  the  sole  ])ro(luct8  are  carbonic  acid  and  water.  If, 
e\cr,  th(?  coin!)ustion  be  effected  at  a  lower  temperature, 
with  a  hniittMl  8ni)ply  of  air,  numerous  other  compounds 
formed,  and  the  vapours  emitted  have  a  peculiar  irritating  > 
on  the  eyes  and  nose,  due  principally  to  the  production 
rcMniukahle  l)ody,  named  aldehyd.  The  alcohol,  in  fact,  is  ir 
fiH^tly  burned,  2  ecpiivalents  of  hydrogen  are  converted  into  ^ 
\)\  nnion  with  2  eqiuvalents  of  oxygen  from  the  air,  and  aid 
(dehydrogenated  alcohol)  is  obtained  : — 

Al«'<»hol,  AldchyJ. 

cjl«0,  +  00  =  C^H^Oa  +  2  HO 

Similar  eomponnds  are  furnished  by  the  imperfect  combustic 
th(^  other  alcohols.  The  following  are  the  principal  bodic 
til  is  class  which  have  been  examined : — 


Rpeciflc 

GraTilj. 

r 

"* 

Liquid. 

G4KOIU. 

I'ormii"  Al(l<'li¥'l? 

,  C,H,0, 

Airtiif  Alil.'liv.l    .     . 

C,H,0, 

079 

1533 

7^ 

I'r  i])ii)iiic  AliK'livd    ■ 

C.H.O, 

079 

3- 169 

about  14G 

lliilvri.-  Al.li-livil  .     . 
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about  15^ 
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o'Uj 

3  96 

2a« 
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0^827 

4^178 

about  31a 

Uutk- Af.li'li.vil      .     . 

'■"s.ll^.O, 

0*837 

5-4 

44(1 

The  uldehyds  are  characterized  by  their  remarkable  tend 
to  combine  with  oxygen,  in  consequence  of  which  they  absoi 
by  mere  exposure  to  the  air,  and  become  acid.  Each  equivalei 
aldchyd  absorbs  2  equivalents  of  oxygen,  and  is  converted  intc 
corresponding  acid  ;  for  example  : — 


Acetic  AUU'hyd. 

(cJiA) 

Butyri*'  Aldehyd. 


+         20        = 


Acetic  Acid. 

ilO,  CHjO, 

Butyric  Acid. 


CyHA       4-20      =      HO,  CgH.Oa 
i^fost  of  the  aldeliyds  combine  with  ammonia,  and  form  wit 
compounds  which  are  insoluble   in  ether.      When   mixed  wil 
solution  of  potash,  they  form  with  the   alkali  a  brown   reaii 
lilauy  of  them  when   heated  with  a  solution  of  nit 


mass. 
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of  silvcfj  to  which  a  small  quantity  of  ammonia  has  been  added, 
decompose  the  salt  of  silver,  and  reduce  tiie  metal  in  the  form 
of  a  mirror-like  coating  npon  the  inner  8iu*faee  of  the  vessel  in 
which  they  are  heated.  Another  remarkable  property  of  the 
aldehyds  is  tlieir  power  of  forming  with  bisulphites  of  potash 
and  soda  crystalline  compounds  of  stable  character  and  sparing 
Bobibility  (Bcrtagnini,  Liehlg*n  Annal.  Ixxxv,  ^79)-  These  com- 
pounds contain  the  elements  of  one  equivalent  of  bisulphite  of 
(the  alkali^  and  one  of  the  aldehyd,  with  or  without  water  of  crys- 
tallization, liaving  the  general  formula,  (HO,  KO,  i  SO^  -|- 
C^li^O^  +  ^  Aq).  ^lany  essential  oils,  such  as  those  of  bitter 
almonds,  ciimamon,  cummin,  and  spinea,  Ibrm  similar  conxpounds. 
These  ljo*hes  are  probably  the  aldehyds  of  a  diflci*ent  class  of 
alcohols. 

The  theoretical  composition  of  the  aldehyds  has  been  variously 
represented.  Licbig  proposed  to  regard  acetic  aldehyd  as 
(C4II.JO,  110,  or  as  the  hydrated  oxide  of  a  peculiar  radicle  C4H3, 
termed  actiyl ;  and  a  similar  view  would  of  course  apply  to  the 
aldchyds  since  discovered  :  they  may  also  be  regarded  as  com- 
pounds   in    some    measure    analogous  to   hydrogen   itself,    acetic 

aldehyd   being  then   represented    by  the    formula      *„^   ^    f  ia 

accordance  with  the  hydrogen  type  „  \.  These  views  will  be  dis- 
cussed more  fully  when  the  properties  of  acetic  aldehyd  are 
considered* 

The  aldehyde  are  unstable  com  pounds,  several  of  them  passing 
into  bodies  which  are  isonicric  with  them,  but  which  posf^ess  pro- 
perties entirely  diiferent  from  the  true  and  rapidly  oxidizable 
aldehyds. 

(971)  Aldehyd,  Acetic  aldehyd  {C4H1O3) ;  Sp,  gr,  of  liquid 
at  33**j  0*8009;  of  vapour  1*532* — Acetic  aldehyd  was  the  earliest 
discovered  member  of  the  group  of  aldchyds,  and  owing  to  its  con- 
nexion with  tlie  process  of  acetificatiou  it  is  by  far  the  most  im- 
portaut  of  them* 

Preparation. — Aldehyd  may  be  formed  by  the  gradual  oxida- 
tion of  alcohol  in  various  ways  :  thus  it  is  formed  when  the 
vapour  of  alcohol  mixed  witli  air  is  transmitted  th rough  a  porce- 
lain tube  heated  to  low  redness,  or  wixcn  alcohol  is  acted  npon 
by  dilute  nitric  or  chromic  acid  :  owing  to  the  action  of  nitric 
acid  upon  the  elements  of  alcohol,  it  is  always  present  in  nitrous 

K  2 


H^  acid 
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ether:  and  it  may  also  be  procured  by  the  dry  distillation 
arid,  or  of  lactate  of  copper.  Another  reraarkabie  mode  in  whick 
ahlehyd  may  be  obtained  has  l>eeii  pointed  out  bj  Natausoti !  he 
finds  that  when  chloride  of  aeetylium  (1069)  is  mixed  with  uithtc 
of  silver  and  a  little  sulphuric  acid,  a  copious  evolutioii  of 
nitrogen  oocurS}  and  aldehyd  is  formed  abundantly ; — 

CUondtf  of  Ao«ij!iiam.  Aldpbyd. 

Cjlj,  H^Nci  +  NOs  ==  C^n,0,  HO  -f  a  N  +  HO  + 


ios  ^^ 


Acetj'lium  is  itself  derived  from  Dutch   liquid    by  tlie   action 
ammonia  upon  it ;  whence  it  would  appear  that  a  close  rel 
ship  exists  lietwcen  olefiant  gas  and  aldehyd. 

None  of  these  reactious  arc  employed  for  the  preparatioQ  d 
aldehyd,  since  there  are  more  convenient  methods.  One  of  iketi 
consists  in  placing  three  parts  of  bichromate  of  potash  and  three 
of  alcohol  in  a  retort^  and  allowing  foiu*  parts  of  sulphuric  acid  to 
pass  drop  by  drop  into  the  mixture,  the  vapoiurs  being  coudenaed 
in  a  proper  refrigeratory, 

Aldehyd  is  however  usually  procured  by  Liebig^s  method 
1  distilling  in  a  capacious  retort,  a  mixture  of  6  parts  of  sulph 
1  acid,  4  of  ak^ohol  (sp.  gr»  o'85o),  4  of  water,  and  6  of  finely  jKiwdi 
black  oxide  of  maugauese.  In  this  process  tlie  oxide  of  manganese 
decomposcil,  sulphate  of  protoxide  of  manganese  is  formed,  whil*l 
the  second  e(|uivalcnt  of  the  oxygen  of  the  oxide  of  manganese  com- 
bines with  the  hydi*<jgen  of  part  of  the  alcohol,  and  aldehyd 
formed  and  passes  over.  The  product  being  very  volatile  muat 
condensed  in  vessels  cooled  with  ice, and  the  process  must  be  stoj)] 
when  the  dihtillate  beeomes  acid.  Since,  however,  it  is  in  a  rtn 
dilute  and  impure  condition,  it  is  to  be  rectified  from  an  equal 
weight  of  ehluride  of  calcium,  in  order  to  free  it  from  alcohal  and 
water.  This  operation  is  repeated  twice,  or  even  three  times.  The 
distilled  liquid  still  retains  aleobol,  lie^ides  a  small  quantity  of 
acetic  ether,  and  a  liquid  termed  acetal  (973)*  For  the  pnr|Kd»e  of 
obtaining  it  free  from  these  impurities  it  is  mingled  with  twice  it* 
bulk  of  aidiydrous  ether,  and  saturated  with  dry  ammoniaciil  gas, 
while  the  liquid  is  artificially  cooled  :  prinmatic  needles  of  snowy 
wliitenut^s  are  thus  formed  ;  these  crj'stals  consist  of  a  compound 
of  aldehyd  with  ammonia  {KH3,  C4H4O3)  which  is  insoluble  in 
ether,  though  very  soluble  in  water ;  they  may  be  dried  in  the 
open  air;  they  fu^ie  at  a  heat  a  little  below  2i2^and  at  212°  may 
be  sublimed  unchanged.  If  heated  in  tlie  opeo  air  they  take  fire, 
and  burn  with  Hanic.     After  a  time,  even  when  kept  in 
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vessels,  the  crystals  become  brown,  and  emit  an  odour  like  that  of 
burned  feathers.  To  obtain  pure  aldehyd  from  ihera,  two  parts 
of  the  crystals  dissolved  in  two  of  water,  ai-e  distilled  with  three  of 
oil  of  vitriol  diluted  with  four  parts  of  water ;  the  protliirt  is 
received  in  vessels  surrounded  with  ice,  and  is  fiually  rectified  from 
chloride  of  calcium. 

Properlics. — Aldehyd  is  a  volatile  inflammable  liquid,  with  a 
peculiar  pungent  irritating  odour,  which  has  a  faint  resemblance 
to  that  of  apples.  It  boils  at  70°  F.,  and  has  a  sp.  gr.  of  079 
at  6j°.  It  may  be  mixed  in  all  proportions  with  alc<»hol,  ether, 
and  water.  It  has  no  acid  reaction  upon  litmus  paper,  but  it  can 
scarcely  be  exposed  to  the  air  without  abs*orbuij^  oxygen,  and  it 
then  forms  an  add  compound.  Aldehyd  yields  with  ammonia  the 
peculiar  crystalline  compound  already  described,  but  when  simi- 
larly treated  with  potash  it  gives  a  brown  resinous  masa  :  this  is 
one  of  its  most  cliai-acteristic  reactions.  Another  striking  one  is 
its  power  of  reducing  the  oxide  of  silver,  and  of  yielding,  when 
eil  with  solutions  of  the  salts  of  tliis  metal,  a  mirror-like  | 
►ting  of  silver  upon  the  sides  of  the  tube  in  which  the  experi- 
ment is  made :  the  solution  should  l>e  rendered  feebly  alkaline 
by  the  addition  of  a  few  drops  of  a  weak  solution  of  ammonia* 
In  this  experiment  a  portion  of  the  aldehyd  is  converted  into 
aceiom  or  atdchydic  acid,  at  the  expense  of  the  oxygen  derived 
from  a  portion  of  tire  oxide  of  silver  which  is  thus  reduced  to  the 
metallic  state,  and  tlie  newly  formed  iddehydic  acid  enters  into 
eombirmtion  with  a  portion  of  the  andecomposcd  oxide  of  silver : — 

CJl A   +    a  AgO  =  Ag  -h   HO  -h  Ago,  C^HA; 
the  aldehydate  of  silver  remains  in  solution  (Liebig).  Tlie  existence 
of   aJdehydic   acid   as  a    definite    compoimd    is    however    ratlier 
questionable. 

Chlorine  displaces  a  portion  of  the  hydrogen  of  the  aldehyd, 
converting  it  into  chloral  {1017); 

C^^a  +  6  CI  =  cJlOA  -«-3  HCh 
Aldehyd,  when  transmitted  over  a  mixtui-e  of  lime  and  hydrate  of 
pota&h  in  a  heated  tul)e,  first  becomes  brown,  and  is  then   decom- 
posed   with   disengagement   of  li}di*ogeii,   leaving   a  wliite    maaa 
composed  of  acetate  of  potash  : — 

Aldefajil.  Acet«t«>  of  Pot»iti. 

Cja^O,  +  KO,  HO  =  ko,  C^HaOa  +  i  H. 
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Potamum  when  placctl  in  contact  with  aldehycl  disengages ! 
gen,  and  forms  a  soluble  couqiound  i^C^H.^O^K)   possessed 
alknline  reaction^  which  ahsiirbs  oxygen  readily.      This  compoimJ 
contains  the   clemcnta  of  aldcbydj   in  which  one    equivalent 
potassium  hus  displaced  one  of  hydrogen. 

Aldefayd  when  kept  has  been  known  to  undergo  a  remarks 
8pontaueoua  convci  *ion  into  two  new  substances,  each  iBomeric  witi 
it  'f  one  of  these  is  a  solid  crystalline  body,  meialdehyd,  wViich  mi 
be  sublimed  at  2^%"^^  before  undergoing  fusion ;    the  other 
the  liquid  form  aiid  ia  termed  elaldehyd ;  the  latter  may  be  mnd 
with  water,  alcohol,  and  ether,  in  aU  prt>portioiis;  it  boils  at  201*^1 
freezes  at  35'6°.     Tlie  density  of  its  vapour  according  to  Fehlifl 
is  45157,  which  is  three  times  that  of  iddehyd ;  elaldehyd  app 
therefarc  to  have  been  formed  by  the  condensation  of  the  elemc 
of  three  equivalents  of  aldehyd  into  one.      A  third  isomeric  bod? 
termed  parnldvhifd,  which  is  liquid,  and   boils  at  25 7^  is  fo 
when  aldehyd  diluted  with  an  equal  bulk  of  water  is  exposed 
a  trace  of  sulphuric   or  uitric  acid  to  a  cold  of  32° ;  crystab  ( 
metaldehyd  are  deposited,  and  paraldehyd  remains  in  the  liquid? 
the  sp*  gr.  of  its  vapour  is  4*583 ;  its  equivalent  volume  coiiicidiug 
with  that  of  elaldehyd, 

(972)  Preparation  of  acetic  acid. — The  principal  interest,  how- 
ever,  with  which  aldehyd  is  invested,  firises  from  the  facility  with 
which  it  absorbs  oxygen,  and  its  consecjuent  connexion  with  the 
process  of  acctification*  Allien  alcohol  is  exposed  to  the  unite 
iufliieucc  of  atmospheric  air  and  finely  divided  platinum^  parti 
oxidation  occurs,  and  aldehyd  is  produced  in  abundance 
owing  to  the  readiness  with  whieh  aldehyd  absorbs  oxygen, 
attempt  was  made  to  carry  the  oxidatiou  a  step  further,  and  thtis 
to  prepare  acetic  acid  on  a  large  scale  by  this  method.  Tlie  use  of 
platinum^  however,  is  now  abaodoucd,  but  the  manufacture  of  vine- 
gar upon  this  principle  is  still  exteusively  followed.  In  Germany. 
and  in  other  countnes  where  the  legislatm-e  imposes  no  duty  U{K)u 
alcohol,  dilute  spirit  mixed  with  a  small  quantity  of  infusion  of 
malt  is  the  ordinary  material  employed  in  the  mauufacture  of 
vinegar.  The  mode  of  procedtu*e  is  the  following  : — Large  vats,  of 
the  form  shown  in  a,  a,  lig.  334,  provided  with  a  loosely  fitting 
lid,  and  furnished  with  apertures  at  top  and  bottom  c,  c,  and  rf,  </, 
for  the  free  admission  and  egress  of  air,  are  filled  with  deal  or 
beech  shavings,  first  dried  and  then  soaked  in  strong  vinega 
these  shavings  rest  upon  a  perforated  shelf  which  is  supported  ji 
above  the  level  of  the  lower  apertures,  c,  c.    A  mixtmre  consist 
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Yui.  334. 


frf 


of  1  part  of  alcoliol^  sp.  gr.  0*850,  of  6  parts  of  water,  and  roVirth 
of  honey,  yeast,  or  wort,  is  allowed  to  trickle  slowly  through  the 
sliavingsi,  whilst  the  temperature  is  raised  to  about  80**  F.  The 
acetifieation  does  not  proceed  rapidly  until  the  process  has  been 
in  operation  for  some  days.  It  ia 
supposed  that  a  peculiar  kind  of 
fungue*  or  slimy  vegetable  mould 
which  is  gradually  formed  upon  the 
shavings,  and  which  m  known  under 
the  name  of  mfjther  qf  vinegar,  acta 
somewhat  in  the  manner  of  a  fer- 
ment and  accelerates  the  oxidation. 
It  is  remarkable  that  the  presence 
of  a  very  minute  quantity  of  any 
empyreumatic    or    tarry  matter    is 

.  sufficient  entirely  to  put  a  stop  to 

I  the  transformation.  As  the  opem- 
tion  proeeeds,  tl»e  heat  rises  to 
about  iOQ°  or  105'';  at  which  jwint 
it  remains  stationary.  When  the  alcohol  has  been  made  to  pass 
through  the  vat  four  or  five  times,  it^  conversion  into  vinegar  is 
nsualJy  complete.  WelKbtirncd  charcoal  purified  from  saline 
matters  by  hydrochloric  acid,  and  then  thoroughly  washed,  may  be 
substituted  for  the  shavings  with  good  effect.  In  this  operation 
a  large  surface  is  exposed  to  the  air,  aldehyd  is  formed,  and  it 
immediately  absorbs  oxygen  from  the  atmosphere,  being  thus  at 
once  converted  into  common  vinegar  or  acetic  acid  : — 

Akotiot  Aldt^brd. 

C\HA  +  20^  CJIA  +  2  HO;  and 

AJd«hyd.  AcfHc  Add. 

CiH^Oj    +    20=;    HO,  C^H  A- 

Pure  dilute  alcohol,  however,  does  not  absorb  oxygen  when  ex- 
posed to  the  atmosphere  ;  it  requires  the  presence  of  some  vegetable 
matter  prone  to  decomposition  to  induce  the  oxidation;  and  it  is  for 
this  reason  that  honey  or  sweet  wort  is  added  in  the  foregoing 
operation. 

If  the  supply  of  air  be  insufficient,  a  large  quantity  of  alcohol 
is  wasted,  owing  to  the  formation  of  aldehyd,  which  from  its  great 
[Tolatility,  passes  off  in  vaixjur  before  it  has  become  oxidized  and 
converted  into  acetic  acid. 


136 


fQEORIES    or 


Different  views  haye  been  taken  of  the  nature  of  aHd 
Licbig  con&itlcred  it  as  a  hyd  rated  oxide  of  a  peculiar  hyd 
(C4H3)  not  hitliexto  isolated,  but  which   he   named   acet 
«tJpposcd  it  to  form  an  essential  constituent  of  acetic  acid 
be   fto^  the   connexion   of  aldehyd  with   acetic   acid 
represented — 

HO,  C^H,;  O  =  hvdrated  oxide  of  acetyl,  or  aldcBrd? 
HO,  C^Hg^  O,  =  hydrated  acetous  or  aldcLydic  acij 
HO,  C^Hg,  Oj  =  hydrated  acetic  acid. 
These  three  compounds,  therefore,  woiUd  be  looked 
hydrates  of  three  succemve  oxides  of  the  same  radicle^ 
ranch  strengthened  by  the  fact  that  the  last  two  compound^ 
be  procured  in  succession  by  oxidation  of  the  lowest  oxid^H 

Gerhardti  considering  that  the  radicle  of  acetic  acid  0HI 
oxygen,  repfeaenta  this  radicle  asCgHgO^,  and  be  supposes  tha 
other  acids  of  the  same  series  all  contain  homolo^ouM  ox^ 
radicles  ;  tlie  radicle  of  formic  acid,  for  instance,  !>cin^  C* 
that  of  Imtyric  acid  being  C^^HyO^,  and  so  on.  The  aldehyd] 
regarded  by  hi 01  as  hydrides  of  these  radicles  which  have  a  tend 
to  hecorae  oxidized  :  lK>th  the  hydrogen  and  the  as^sumed  r^ 
of  the  acid  becoming  oxidized  simultaneously.  These 
may  be  thus  indicated — 


EKdicle. 


Formic  ,  C,  H  O, 
Acetic  .  ,  C4  H^Oj 
Butyric  .  C,  H,0, 
Valeric  .  C\(,H^Oj 
&c. 


Ald«M- 


C,  H  0„  H 

c,„H  o;  H 


HjdnUvd  AidiL 


HO.  a  H  O,. 

HO,  C«  H,0,. 
HO.  C»„U,0,. 


Considerable  probability  is  given  to  this  view  by  the 
of   many  compounds   in   wliich   the   two  e<|uivalents   of    oz| 
assumed  to  exist  in  tlie   radicle   arc  preserved   in  the   eompd 
derived   from   it ;    but  the  nature  of  the  aldehyds  and  their 
logues,  tliC  ketones  (1069),  is  still  unsettled.      Gerhnrdt  does 
admit  the  existence  of  acetous  acid  (HO^  C4H3O2),  or  of 
homologous  with  it. 

The  tendency  of  aldehyd  to  rapid  oxidation  will  af 
explanation  of  the  fact  that  platinum  black  always  furnishes 
acid  protluct  by  it«  reaction  on  alcohol.  Aldehyd  is  tirat  fori 
but  it  immediately  undergoes  partial  oxidation,  by  which  I 
converted  into  a  mixtui'c  of  aldehydic  and  acetic  acids.  % 
process    somewhat    similar,   weak    fermented^   but    not  disti^ 
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liquors  frequently  become  sour  when  exposed  to  the  air  in  Trarra 
Treatlier,  a  change  which  forms  the  basis  of  the  itsnnl  metljod  of 
preparing  white  wine  and  malt  vinegars ;  the  mucilaginous  and 
albuminous  matters  present  in  the  wort  or  beer  ah.'^orlj  oxygen,  and 
induce  a  similar  process  of  oxidation  in  the  alcohol,  in  conse- 
quence of  which  acetic  acid  is  formed.  The  more  conjpletcly 
fermentation  has  taken  place,  the  less  likely  is  vinegar  to  be  formed; 
since,  during  the  fermentation,  the  azoti^cd  and  other  matters  neces- 
sary to  further  the  oxidation  of  the  alcoholic  portion  are  gradually 
dcstroyetl.  If  much  albuminous  matter  remain  in  solution  in 
the  vinegar  after  it  is  formed,  the  acid  is  itself  liable  to  undergo 

^a   further  change ;  a  peculiar  mould  or  fungns  appears  upon  the 
surface  of  the   liquid,   and  the   acid   is   slowly   decomposed  ;  the 
cellulose  or   ligneous   tissue  of  the  fungus  being  formed  at  the 
espense  of  the  constituents  of  the  acetic  acid ; 
TK 


AetHic  A«id» 


C(•llu]<>M^ 


9  (HO,  C,HA)  =  C^Hg^Oao  +  6  HO. 


The  formation  of  aldehyd  apjiears  always  to  precede  the  produc-i 
tion  of  vinegar,  just  as  the  transformation  of  cane  into  grajie  sugar  | 
precedes  the  vinous  fennentation.    Acctification,  however,  is  not  a 
true  process  of  fermentation  ;  it  is  nithcr  one  of  gradual  oxidation, 
and    differs    from    fernientatiou  in  the  important   fact    that    the 
absorption  of  oxygen  is  necessary  during  the  whole  course  of  the  . 
operation  ;   and  if  the  supply  of  oxygen  be  arrested,  the  fiu^thcr  || 
production  of  acid  is  immediately  stopped. 

(973)  Act^tai  (CiJIi^O^  =  2  C\II/),  C,HA)>  '%>•  <rr^  of  Hqtiid 
0*825;  of  vapour  4*24,  —  This  com|>ound  was  discovered  by 
Dobereiner  among  the  products  furnished  by  the  slow  oxidation  of 
alcoliol  under  the  influence  of  finely  divided  platinum.  A  number  of 
watch  glasses  containing  platinum  black  (823)  are  placed  in  a  jar, 
into  the  lower  part  of  which  a  few  ounces  of  alcohol  have  been 
introduced  t  the  jar  is  covered  with  a  glass  plate,  and  left  for  a 
few  days  in  a  temperature  of  about  70',  taking  care  to  renew  tlic 
air  in  the  jar  from  time  to  time.  The  alcohol  rises  in  vupoiu'  and 
undergoes  slow  oxidation,  the  liquid  becomes  condensed  upon  the 
sides  of  the  jar,  and  the  products  callcet  at  the  bottom.  The  viscid 
liquid  thus  obtained  consists  of  a  mixture  of  alcohol,  aldehyd,  acetic 
ether,  and  acetah  It  is  first  rectified  from  carbonate  of  jjotaph  ; 
and  on  adding  chloride  of  calcium  to  the  distillate  so  long  as  any 
of  the  salt  is  dissolved,  a  layer  of  acetal  is  separated,  and  rises  to 
the  surface :  this  is  removed  by  means  of  a  pipette,  after  which 
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tic    AL 


imiuifl 


tba  caiitiaufi  additioa  of  water  to  the  aolutioa  of  chloride  i 
duin  CAUAca  the  Bcparatioti  of  ati  additional  quantity  of  the  eai 
liquid.      It  is   purified    by  rectifying  it  fi'om  chloride  of  calcium 
Acetal  forms  a  colonrleHs  liquid,  of  au  agreeable  characteristics 
aud  a  flavour  resembling  that  of  hazel  nuts.     It  boils  at  a^ 
ia  miluhle  in  about  6  purts  of  water,  but  its  solubility  die 
as  the  temperature  rises  \  it  is  soluble  in  all  proportions  in 
and  ether.    Aqueous  Bolutions  of  the  alkalies,  if  excluded  fi^ 
air,  do  not  deconifxise  acetal.    (Stas.  Ann,  de  Chimie,  III.,  xi 
Oxidizing  agents  tmnsfonn  it  first  into  aldehyd,  and  then  int 
acid.     Acetal  may  be  rcgai*ded  as  a  combinatian  of  aldeh] 
ether;  3  equivalents  of  alcohol  concui*riiig  to  its  productioiLl 


.ycoboi. 


AoeUl« 


3  (CillaOJ  +  O,  =  a  C,H,0,  C^H.O,  +  4  HO. 


ith  Mfl 

IIClll*   I 


(974)  Propionic  Aklehyd  (CiJIoOg) ;  Sp.  ^r.  of  ikjuid 
vapour  2*169. — ^The  aldebyds  which  still  remain  to  be  noti 
comparatively  unimportant*      Formic  nldehyd  lias  not  hithei 
satisfactorily  isolated,  but  methyhil,  a  Ixjdy  homologous  with 
is  coiilained  among:st  the  products  of  the  gradual  oxidation 
spirit  by  means  of  peroxide  of  manganese  and  sulphuric 

Pr<ipiouic  aldcbyd  was  found  by  Guckelberger  amongst  ] 
products  lumished  by  distilling^  nlbuminous  substances  with^^H 
ture  of  sulphuric  acid  and  peroxide  of  manganese  (Liebi^s  vImI 
Ixiv.  42).  It  passes  over  mixed  with  acetic  and  butyric  aldeh 
as  well  as  with  the  oil  of  bitter  almonds  (hydride  of  benscj 
Propionic  aklehyd  is  a  limpid  liquid  of  au  ethereal  odoiu- ;  i< 
soluble  in  water,  alcoliol,  and  etlicr,  in  all  proportions.  It  b 
between  131**  and  149'*,  and  becomes  slowly  acid  when  exposed 
the  air,  yielding  propionic  acid, 

{975)  Buhjric  Aidehy d  {C^W^O^,  Sp,  gr.  liquid  o'S,  ia  obtail 
during  the  same  process  as  the  foregoing  compound.  It  is  a  colo 
less  liquid  which  is  very  sparingly  soluble  in  water,  but  is  fre 
dissoh  (*d  !>y  aU  ohol  and  ether.  It  has  an  cthercjd  pungent  oA\ 
aud  a  burning  taste,  and  becomes  rapidly  converted  into  but^ 
acid  by  exposure  to  the  air.  It  forms  with  ammonia  the  crystal! 
conjpomid  cliaractcristic  of  the  aldchyds,  and  when  heated 
solution  of  nitrate  of  silver,  gives  a  brilliant  miri*or  of 
metal.     It  boiU  between  154**  and  163''. 

An  isomeric    comi>ound,    termed    buiyral   by    Chance 
obtained  by  the  distillation  of  dry  butyrate  of  lime*      It  IjoS 
SQ3^  yicldiog  a  vapour  of  sp,  gn  vbi  j  and  when  exposed  to  the  1 
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rapidly  becomes  converted  into  butyric  acid.    It,  however,  yields  no 
compound  with  ammonia,  and  docs  not  rc(liicc  tlie  nitrate  of  silver. 

(976)  ValtricAldthyd  (C^oIliaC)^),  Sp.  f^r, of  liquid  O'Hz,  of  vapour 
2'96. — This  componnd  may  be  obtainetl  in  various  ways.  One  of 
the  best  con;*ists  in  oxidizing  fousel  oil  by  means  of  a  mixture  of 
sulphuric  acid  and  bichromate  of  potash  : — 37  parts  of  bichromate  of 
potash  dissolved  in  warm  water  and  placed  in  a  retort,  are  to  be 
gradually  mixed  with  49  parts  of  oil  of  vitriol,  diluted  with  an  equal 
bidk  of  water ;  33  parts  of  fousel  oil  are  then  to  be  carefully 
arklcd  ;  tlie  aldohyd  distill  over  without  the  necessity  for  applying 
heat.  If  tlie  distillate  be  mixed  with  a  saturated  solution 
of  bisulphite  of  soda,  the  compound  of  bisulphite  of  soda  and 
valeric  aldehyd  crystallizes  readily,  aud  may  be  purified  by  recrys- 
tallization  from  alcohol.  If  these  crystals  be  mixed  with  a  solu- 
tion of  carbonate  of  potash,  and  distilled^  valeric  aldcliyd  passes 
over,  and  may  he  dried  over  chloride  of  calcium.  This  aldchyd 
U  a  highiy  mobile,  hmpid,  colourless  liquid,  with  a  burning  taste 
aud  a  pungent^  penetrating  odour.  It  boils  at  230^  emitting  an 
inflammable  vapour.  It  is  insoluble  in  water,  but  soluble  in 
alcohol  and  ether.  By  oxidation  it  id  rapidly  converted  into 
valeric  acid. 

(977)  (EnanthyUc  Aldekyd ;  (Enanlhol  (CyJli^O^),  Sp,  gr.  of 
liquid  0-8271  at  63"";  of  vapour  4; iT, — This  aldchyd  is  furnished  by 
the  destructive  distillation  of  castor  oil.  In  order  to  purify  the 
crude  distillate,  it  is  agitated  with  baryta  water,  which  retains 
the  volatde  acids ;  the  oil,  which  rises  to  the  surface  on  standing, 
is  suinnitted  to  distillation,  and  is  then  dried  by  digestion  on 
chlorifle  of  calcium.  Water  dissolves  it  sparingly  ;  the  boiling 
poiut  of  the  oil  is  alx>ut  3 is"*.  It  rapidly  absorbs  oxygen  from  the 
air,  and  becomes  converted  into  CEnanthylic  acid. 

(978)  Rude  or  Caprie  Aldehyd  (Ca^JUtA)*  ^P*  9^*  of  liquid  at 
64**  0*837;  of  vopour  ^*H^, — This  substance  is  the  chief  constituent 
of  the  essential  oil  of  rue.  It  may  be  puntied  by  distillation. 
This  oil  has  a  somewhat  viscid  consistence ;  it  possesses  the  strong 
disagreeable  odotir  of  tbe  plant,  and  an  acrid,  bitterish,  somewhat 
aromatic  taste.  It  lx)ils  at  about  446'',  and  at  a  temperature  of 
about  29°  or  30°  concretes  into  brilliant  transparent  laminie.  Nitric 
acid  acts  rapidly  upon  oil  of  rue^  and  furnishes  diilereut  products 
according  to  the  degree  of  concentration  of  the  acid ;  by  the  pro- 
longed  action  of  the  concentrated  acid,  pclargonic  acid  (UO, 
CigHijOg),  and  the  lower  homologues  of  the  groups  of  acids  are 
obtained;  by  moderating  the  action  of  the  uitrio  acid^  rutio  acid  (HOj 
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C^lt»Oa)  k  procmod.     SsKiice  of  me   docs  tiol  ab^rb 
%rr¥  nfidhr,  nor  b  it  essUr  cotiTcrted  when  heated  iritb  hfdraU!  of  J 
pobidi  into  tlie  rotale  of  tbit  base ;  bol  it  conibiD^  readilr  with 
^i^tfiii^  liwiljiliili  1'^  iinil  fbrmsi  witk  tbem  crTBtaUisable  oompotiiidi^ 
wUeli  earrmpat^  witk  thoee  formed  with  the  other  aldefavda.  ^ 

The  acida  produced  bj  the  oxidation  of  the  alcohols  ant! 
h|dB  voiild  naturaUy  be  taken  into   consideration    at  this  poiot, 
but  it  wiB  be  more  oooTenietit  to  defer  the   description   of  theie 
oowfomdi  antil  the  ftla  hate  been  oLamined  (i  152,  et  seqJ}, 

§  in*  Acnojf  or  rnm  Acids  uton  thb  Ai.cohoi.8. 

(979)  WaaK  a  hrdrated  acid  is  mixed  with  one  of  the  alcohols, 
aevvr^  ems  maj  ariae^  dependent  on  the  nature  of  the  arid,  tkc 
|ini|xirtioiia  in  which  it  is  add^^  and  the  temperature  ap{)lie(l  to 
the  mixtiue. 

1st.  If  a  polvbasio  acid  wliich  has  a  strong  affinity  for  water, 
math  aa  the  suljihuric,  the  phosfihoric^  or  the  arsenic,  be  added  to 
one  of  the  aloohoby  the  dements  of  the  acid  and  of  the   alcohol 
enter  into  combination  and  form  a  new  comi)ound  acid;  a  rintcJ 
meU  being  produced,  in  quantitj*  varying  with  the  temperatiire  and  I 
relative  proportions  of  tlie  acid  and  the  alcohol. 

2nd.  If  such  a  mixture  be  submitted  to  distillation,  the  alcohol 
is  decom{x)6ed^  and  a  quantity  of  ether  is  formed  and  volatilised]  ^ 
whilst  the  residue  in  the  retort  is  capable  of  effecting  the  etheri*fl 
ficataon  of  firesh  portions  of  aleohoL  ^ 

3rd.  If  the  proportion  of  acid  to  the  alcohol  exceed  a  certain 
amount,  or  if  the  temperature  at  which  the  distillation  is  effected 
rise  Ix^yond  a  certain  point,  the  decomposition  proceeds  further^ 
and  a  numl>er  of  hydrocar}x)ns  homologous  with  olefiant  gas 
formed ;  whilst  at  still  higher  temperatures  the  acid  originally  us 
begins  to  undergo  decomposition,  and  the  products  are  atill  mer 
'  complicatetl. 

4th.  \Mien  an  organic  acid  is  submitted  to  distillation  with  one 
of  the  alcohols,  a  double  decomposition  occurs,  and  a  compound 
ether  is  produced,  whilst  the  elements  of  water  are  separated  ;  thus. 


y  Acid. 


Alcohol. 


Acfiw  Ether. 


Wftt«r. 


C4H3O.]  C,H,^       _  C.HA7o    +  ^*^o 

It  is  generally  fouud  advisable  ia  such  cases  to  use  a  salt  of 
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organic  acid^  and  after  this  salt  has  been  mixed  with  a  due  proper- 
tion  of  alcohol^  to  decompose  it  by  the  addition  of  sulphuric  acid. 
5th.  If  a  hydracid^  such  as  the  hydrochloric^  hydrobromic^  or 
hydriodic  be  made  to  act  upon  an  alcohol^  double  decomposition 
occurs^  and  an  ether  is  formed  by  the  substitution  of  the  radicle 
of  the  alcohol  for  the  hydrogen  of  the  hydradd;  thus,  when 
hydrochloric  acid  acts  upon  alcohol,  water  and  hydrochloric  ether 
are  the  result : — 


HjdrooUorio  Add.         Wat«r. 


Clj      ""      H)^« 
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(980)  When  a  mixture  of  concentrated  sulphuric  acid  with  any 
of  the  alcohols  is  heated  to  about  212^  a  portion  of  the  two 
compoimds  enters  into  combination,  and  the  result  is  the  forma- 
tion of  a  new  coupled  acid  in  which  the  elements  of  i  equivalent 
of  the  alcohol  and  2  equivalents  of  sulphuric  acid  are  present.  In 
these  compounds  the  existence  of  sulphuric  acid  is  no  longer  indi- 
cated by  the  formation  of  an  insoluble  sulphate  of  baryta  on  the 
addition  of  chloride  of  barium ;  the  baryta  salt  of  these  acids  being 
readily  soluble  in  water. 

The  following  may  be  taken  as  examples  of  a  few  of  the  com- 
pound acids  thus  obtained  : — 


Hjdratei. 

FotMh  Saltiu 

Sulphomethylic    ..."  HO,  C,  H,  0,  2  SO, 
Sdphethyhc,or8ulpho.  J    ^^  ^^  jj^  ^^  ^  ^^^ 

Sulphotritylic  (propylic)     HO,  Cj  F7  0,  2  SO, 
Sulphotetrylic  (butylic) .     HO,  C,  H,  0,  2  SO, 
Sulphamyhc  .    •     .    .       HO,  C,oH„0,  2  SO, 

&c.                                    Sic. 

(KO,C,H,0.  aSO,-|-Aq) 

(KO.  C,  H,  0,  a  SO,) 

(KO,  C,  H,  0,  a  80J 
(KO,C«H,0,aSO,) 
(KO.  CjoHyO.  a  SO,-hAq) 

These  acids  form  crystallizablc  salts  with  potash,  as  well  as  with 
lime,  baryta,  and  many  other  bases;  but  the  salts  thus  formed 
are  unstable,  and  sometimes  undergo  spontaneous  decomposition ; 
these  compounds  have  a  peculiar  pearly  lustre.  It  is  important 
to  remark,  that  although  the  acid  contains  the  elements  of  two 
equivalents  of  sulphuric  acid,  the  salts  are  monobasic,  and  contain 
only  one  equivalent  of  metallic  oxide,  as  may  be  seen  by  inspecting 
the  column  headed  '  potash  salts.' 

The  hydrates  of  these  sulpho-acids  are  more  unstable  than  their 
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actttUic  sfilts  ;  tlipy  criimot  he  distilled  witlioiit  iiiider<^"r!^'  *  i .     ' 
'jKjsition,  and  they  tljcii  break  up  iuto  tbe  ether  eorrespuiid  ug  m  ti. 
alcohol  which  furnished  them,  and  sulphuric  acid.      If  diluted  ii^th 
water  and  heatetl,  the  aolutiou  becomes  rapidly  converted  iBto  • 
mixture  of  dilute  ftulphurie  acid,  and  the  alcohol  firom  whieli 
compound  was  ongimdly  obtained :  for  instance^ 

8ulptiethjUc  Aind.  JOechoL 

HO,  C,H A  2  SO3  +  a  HO,  =  UO,  C J1,0  +  2  (HO,  SOj 

The  most  interesting  of  these  acids  is  tlie  sulphet hylic,  and  it  n 
necessary  to  e3tamine  its  properties  on  accoimt  of  the   im 
part  which  it  has  occupied  in  the  theory  of  etherifi cation. 

(981)  SnlphethyHc,  or  Sulphovinic  Add  (Q^JO^  2  SO3  =  HOj 
C^H^O,  2  SOa). — When  alcohol  is  mixed  with  an  equal  measui 
of  oil  of  vitriol,  g^reat  heat  is  evolved,  and  the  two  bodies  eni 
partially  into  combirmtion.*  The  sulphuric  acid  thus  combin( 
with  the  elements  of  alcohol^  loses  half  its  saturating  power,  am 
the  compound  acid  forms  with  baryta,  with  lime,  and  with  oxide 
of  lead,  8alts  which  are  sohible  in  water.  By  adding  sulphuric 
acid  gradually  to  a  Bolutiou  of  the  baryta  salt,  until  no  further^ 
precipitate  of  sidphate  of  baryta  is  produced,  the  acid  is  set 
liberty  in  a  state  of  purity.  It  was  originally  called  thtf^ 
sulphovinic  acid,  but  the  term  mlphethyiiCj  by  which  it  is  now 
frequently  described,  is  better,  as  it  forms  one  of  a  numerous  class 
of  anakicrous  acids.  Sulpliethylic  acid  may  also  be  formed  by  gra- 
dually adding  ether,  perfectly  free  from  alcohol,  to  concentrated 
sulphuric  acid  ;  the  temperature  rises  rapidly,  but  must  not  be 
allowed  to  exceed  250''  :  on  diluting  the  mixture  with  w  ater  it  w] 
be  found  that  nearly  the  whole  of  the  ether  has  been  convert 
into  sulphethylic  acid.  It  is  worthy  of  notice  in  connexion  with 
the  tlicory  of  etheriiication  (990),  that  when  alcohol  is  mixed  with 
sulphuric  acid^  diluted  till  it  eoutaius  4  equivalents  of  water  (HO, 
SO3,  3  Aq),  no  sulphethylic  acid  is  formed  at  ordinary  tempera- 
tures,  but  this  acid  is  produced  if  the   temperatui'c  be  raised  to 

The  hydrated   acid  is  very  unstable.      If  diluted   with    water 
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•  The  alcohol  ia  never  wholly  coiiTerted  into  the  new  acid,  for  even  if 
anhydrous  alcoiiol  be  mixed  id  tlie  aljove  proportions  with  triouohy (Crated 
sulphuric  iicid,  not  more  thun  liulf  the  alrofjol  becomes  converted  into  I  lie 
vinic  acid,  si  nee,  in  the  iw;t  of  combiniition,  d  portion  of  water  is  dispkeed  fron  ' 
the  oil  of  vitriol;  and  on  applying  a  heat  of  212^,  diliited  alcohol  gradualil 
passes  over^  though  the  liq^uid  does  aot  boil  at  this  temperature. 
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and  distilled,  alcohol  passes  over,  aud  nothing  but  sulphuric 
acid  is  left  in  the  retort ;  but  it  may  be  concentrated  in  vacuo, 
"when  it  fonus  a  colourless  syrupy  liquid,  of  a  sharp  acid  taste, 
not  misciblc  with  ether.  It  gradually  undergoes  spuntuncous 
pStecora position.  When  heated  in  the  presence  of  an  execsj*  of 
alcohol,  it  experiences  a  remarkable  decomposition^  to  %vliich  it 
will  \ye  necessary  to  give  parti cuh»r  attention  (990),  owing  to 
its  being  attended  with  the  formation  of  ether  in  large  quantity. 

The  sulph  ethyl  at  es  are  all  freely  sohdjlc  in  water ;  many  of 
them  are  likewise  dissolved  by  alcohol  ;  most  of  these  salts 
crystallize  with  facility  in  pearly  scales  which  have  a  greasy  feel. 
When  subjected  to  dry  distillation,  they  yield  olefiant  gas^  heavy 
oil  of  wine,  and  sidphurous  and  carbonic  acids,  leaving  a  residue 
of  sulphate  of  the  base,  mixed  with  charcoal.  If  distilled  with 
hydrate  of  potash  they  yield  alcohol.  When  in  solution  they  are 
decomiKiscd  at  a  boiling  temperature,  the  solution,  if  neutral, 
bcctjming  acid  during  the  ebullition ;  but  this  change  is  prevented 
in  the  case  of  the  sidphcthylate  of  potash  and  stjda,  by  the  addi- 
tion of  a  few  drops  of  a  solution  of  the  Iiyd rates  of  these  alkalies. 

Sulphethyhite  of  potash  is  anhydrous  and  somewhat  deli* 
qnescent^  but  iasolnble  in  alcohol  or  ether.  It  crystallizes  rearlily 
in  large  tables.  Suip/trfhtjiate  of  banjtu  crystallizes  with  2  et^ui- 
valents  of  water  in  rhombic  piisms,  which  are  soluble  in  water  and 
iu  alcohol.  Sttlphethjktte  of  Hme  (CaO,  IIO,  CJl^O,  S^.  2  Art) 
crystallizes  in  thin  six-sided  tables,  very  soUd:}le  in  water  but 
not  in  etiier.  It  sometimes  undergoes  spontaneous  decom|K>8ition. 
The  neutral  mdphetlnjiate  of  lead  (Pl>0,  CJIA  ^J^^>  2  Aq)  forms 
colourless  tables,  which  are  soluble  in  water  and  in  alcohol ;  they 
are  liable  to  spontaneous  decomposition.  If  digested  upon  an 
excess  of  oxide  of  lead,  a  soluble  uiicrystaUizable  subsalti  with  2 
equivalents  of  base,  is  formed. 

Acids  isonuTtc  with  the  SidphelhijHcr — Besides  sulphcthylic 
(sulphovinic)  acid,  there  appear  to  be  three  other  isomeric  sulpho- 
acids  formed  by  the  action  of  oil  of  vitriol  upon  alcoliol,  viz. :  tlie 
isethionic,  parathionic,  and  altliionic  acids. 

(9S2)  hethhnic  Acid  (HO,  CiII,S/),).  —  This  acid  is  at 
once  distinguished  from  the  sulplictliylic  by  the  greater  stability 
of  its  salts,  which  may  generally  be  heated  to  400^^,  without  expe- 
riencing decomposition.  Isethionie  acid  is  formed  readily  by 
boiling  a  strong  solution  of  ethionic  acid  (984)  for  some  time.  On 
neutralizing  the  solution  by  means  of  carbonate  of  baryta,  the 
isethionate    of   baryta   (BaOj   CiH^S^Oj)    is  obtained,   and    may 
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beat  they  aro  dccatn()osed,   and  blacken,  wwrlba^  «p  iuj 

Jcrnhly.      heihionaie  of  potash  d79Ulli2ea 
Iboidal    priKiii!^,    which    are  soluble    in 
t ammonia   forms   trnns|>urent   octohednL     The 

Ited  with  hydrate  of  pota»h,  evolve  bjrdrogeii,  mad  m 
>ntii(%  oxalate,  sulphate,   and   sutphile  of  tbe  bsae  i 
[iscthiotiic   nexH    in  also   formed    dtuing    the   pitiloiiged 
iKydraicd  milphiiric  acid  upon  alcohol  or  eiber^  and  it  m 
ftho  rcaidut!  obtiui»ed  (mm  the  preparation  of  ether  (989). 

Parathiimic  Acid* — This*  acid  is  only  known  m 
with  baryta.     If  the  Holntion  of  snlphethylaie  of  buylm  be  boded 
fbr  iomo  titnc,  it  becomes  aeid,  and  deposits  sulphmte  of  bojYta  ;  m 

•  tunitriiH^ui^  the  lUtiTed  liquid  with  earlionate  of  baryta  a  crjps&l- 
lixabk^  prinithiouate  uf  luirytii  19  obtained  vrhieh  is  not  altmd  hf 
lK>iliuf(.      VViicu  cideinefl  it  does  not  froth  np  like  the  iselhioitftt^ 

B  Inii  yieUU  vupaui>t  of  bca\  y  oil  of  wine,  and  bums  steadily. 

H^       Aiujtlier  isomeric  uiu<bliealiou,  termed   by   lie^ault  ivi/Amk 

^pUgkli  wii»  proeun'd  by  him  from  the  residue  of  tbe  preparatiiui  d 
ether*     The  baryta  wdt  may  Ije  boiled  when  dilute  iriihoot  under* 
going   deetHUpoaitiou.      By    Bjiontaneous  evaporation    this 
obtuiuetl  in  raditited  j^roups  of  delicate  prisms* 

(t;8 ;)  At'iijinul  farmution  of  Alcohol  from  Olefiani 
The  uetion  uf  am  excess  of  sulphuric  acid  upon  aleoha)  at  3^51*1 
already  been  considered  (3<^9)»  as  it  is  the  usual  process  far 
obtaiuiug  oletinut  {^hh,  liut  the  action  of  olefiont  gas  upon  the 
iieiil  i«  not  less  iuterestiui;;.  Ftiraday  showed  that  when  this  gsia 
ia  Bubjceted  to  the  action  of  concentrated  sniphurtc  acid  it  if 
abnorhed  iu  eouHiiit^rable  i|uautities,  Tierthelot  has  recetitl?  recalled 
Htlentiiju  to  Ibis  olisrrvntit^ii^  and   he   has  succeeded   in  obtaining 

H   alcohol  from  oleluint  ^^^^  '^y  its  means.     One  of  his   experiments 
consiiited  iu  tillini^  a  j^lajtH  vessel,  of  aliout  2  J  gallons  lu  Ciiii 
with  pun*  oleUuut  j^an,  tbeu  introilueiug  alxjut  sib.  of  pure  » 

Ivitritd,  and  a  few  puundK  of  niereury  to  aid  in  bring^ing  the  acid 
into  eontaet  with  the  ^nin,  wheti  the  mixture  was  agitated  vigorously. 
Airier  krrpiug  the  uuxtnre  iu  brtMk  agitation  for  some  time,  the  gas 
was  abwrbedj  and  the  colour  of  the  atiid  became  deepened.  On 
dilutiuj<  it  with  6  tiiuen  its  bulk  of  water,  submitting  it  to  dis- 
tillation Hud  then  reetifyiug  from  earbouatc  of  [»otash,  nearly  two 
ouuiH*H  of  pure  alcohol  w(Te  ol)tuined.  Coal  gas  contains  a  coiini- 
derable  uroportiou  of  oletiaut  gas,  and  by 
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i  phuric  acid  it  thus  is  rendered  possible  to  prociire  alcohol  fi-om  the 

[gas  in  ordinary  use  for  iUuiiiinating  piirpoaes. 

(984)    Olcfiaut    gas    coqi bines  readily   with    anhydrous    siiU 

[phuric  acid,  producing  a  compound  which   may   he    regarded  as 

I  eihiomc  an  hydride.  This  compound  is  converted  by  water  into 
liydratcd  ctfiioiiic  acid ;  and  the  sohition^  when  boiled,  becomes 
dccomjxiscd,  hydratcd  isethionic  and   sidphuric  acids   being  pro- 

I  duced.  These  decompositions  may  be  readily  traced,  since  the 
composition  of  these  dtficrent  eorajioiinds  is  the  following! — 


Ethionic  anhydride    . 
Hydratcd  ethionic  acid 
Isethionic  acid 


2  no,  c,ii^  2  s.o^ 
110,  c,ii„    SA 


Consequently   the   change  which  occurs,  when  hydratcd  ethionic 
acid  is  diluted  with  water  and  boiled  is  the  following : — 


Hydratjpd  Eihionie  Acid. 


Itethianic  Acid. 


Bulphuric  Acid. 


I 


I  3  HO,  QH,,  2  S,0^  +  3  HO  =  HO,  C^Hg,  S,0^  +    2  (HO,  SO3). 

Eihiomc  Anhydride  [C^ll^  2  S2O0)  was  termed  by  Magnus,  it« 
discoverer,  Suiphate  of  Carbyh.  It  is  prepared  in  the  form  of  a 
white  crystalline  sohd,  by  allowing  the  va[Kjnrs  uf  ardiydrous  sul- 
phuric acid  to  come  into  contact  with  dry  olctiant  gas  in  a  bent 
tube  kept  cool.  The  same  compound  is  obtained  wlicn  a  tube 
charged  with  anhydrous  alcohol  is  placed  in  a  bottle  fitted  with  aa 
accurately  ground  stopper,  containing  anliydroiis  siulphuric  acid  ; 
in  the  course  of  a  few  days  white  silky  crystals  of  ethionic  anhy- 
dride are  formed  in  the  tube.  These  erj^stals  melt  at  176*,  and 
rapidly  deti«|ucsee  by  exposure  to  the  air*  They  are  soluble  in 
water  and  in  alcohol  witli  great  elevation  of  temperature,  and  cannot 
be  recoverctl  by  evaporating  the  liquid,  for  they  assimilate  2  equi- 
valents of  water,  and  become  conveitcd  into  the  hydrated  acid. 
The  acid  thus  obtained,  however,  is  not  pure,  since  owing  to  the 
elevation  of  temperature  a  portion  of  ethionic  is  converted  into 
isethionic  acid*  If  the  solution  be  neutralized  by  means  of  car- 
bonate of  baryta,  and  evn|K>rated  at  a  temperature  below  212^ 
until  preeipitation  commences,  ethionate  of  baryta  \b  formed  and 
may  be  obtained  by  addiug  absolute  alcohol  until  the  density  of 
the  solution  is  reduced  to  0*900  ;  the  salt  thus  precipitated  is 
impure  ethionate  of  baryta  :  it  must  be  redissolved  in  water,  and 
again  precipitated  by  the  addition  of  alcohol.  Ttie  ethionates  arc 
soluble  in  writer,  but  insoluble  in  alcohol ;  they  are  decomposed 
by  a  temperature  of  212°.      If  ethionate  of  baryta  be  heated 
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■gtorigly  in  i^QBifit  yields   stilphuric  acid    and  a   fiublimate 
miptiur^  the  residue  containitig  sulphate  of  baryta  and  sulphick* 
bmam.     The  ethionatcfi  of  potash,  ammonia  and   soda  may 
foadily  ohftaiiied  in  crj'stals;  they  are  preparetl  by  decoraprjsiug 
iolutioti  of  ethionatc  of  baryta  by  means    of  a    solution  of 
snlphntcs  uf  the  different  bajses. 

(985)  Other  Vinic  Acids — Sulpho-acids  may  be  obtained  fn 
the   nietiiybc,   trityUc,    tetrjlic,    aniylic,    and    otber   alcohols, 
B  treating  theoi  in  a  manner  similar  to  that  directed  for  procu 
™  sidphethylic  add*    Sulphomcthylic  acid  may  l^e  obtained  in  cry?l 
by  evajxjratiiig  its  solution  in  vacuo.    But  the  sulphuric  is  uot 
only  acid  whiA  gives  rise  to  these  compound  acids  with  the  alo 
hols.  The  poly  basic  acids  in  general  exhibit  thid  power,  even  thou 
their  acid  chamcter  may   be  but  feeble.      Carbonic,  oxalic, 
tartaric  acids,  for  instance,  may  be  made  to  yield  compound 
analogous  to  the  sijphethylic;  and  the  same  thing  has  been  obseni 
with   sulphocarbonic  acid    (bisul[iliidc   of   carbon).      The  tril 
acids,  such  as  the  phosphoric  and  arsenic,  even    form    two  ac 
compounds.     The  formula  of  some  of  these  coupled  acids  in 
etliylie  series  and  of  their  salts  are  exhibited  iii    the    foUov 
table  : — 


Vu^Aeidm. 


Hjdfttto* 


M«t«llio  8aII. 


Carbctliylic  ♦     .     ♦ 

Xantliic  or  Sul-  \ 
phtvcarbct hylic  J 

Oxalet hylic  .  .  . 
Tartri'tliylic  ,  . 
Ethykulphiirous  . 
Ph(>i*pbt4hyye  -  . 
Diphosiphft hylic  . 
DiarHt^Ui'tliylio  .     . 


HO,C,H,0,C,S, 

HO.C\H,O.CA 

lIO.CJl.O.C^HAo 

HO,CJI,0,S,0. 
iHOC.H.O.PO. 

nO^atC^HiOjAaOjP 


KG,  C,H,0,  C,S^ 

EG,  C,H,G,  C,0. 
KG.  C\H,0.  C.H,0,« 
KO.  C,H/>,  S.>;    *' 
aBaG,cXo.  rO,H^l3»l 

PbO.  2(C,lCO)  PO, 


Similar  compounds  may  be  formed  with  the  other  alcohols. 

CarbeHtfj/ic  acid  cannot  be  isolated,  but  the  carbcthylatc 
potash  is  obtained   by  transmitting  a  current   of  carbonic 
through  a  solution  of  hydrate  of  potash  in  absolute  alcohoL      It 
soluble  in  alcohol,  and  forms  pearly  scales  wliich  arc  decomj 
by  water  into  bicarbonate  of  potash  and  alcohol. 

Xanlhic  or  Suiphocarifethtfrtc  Acid. — X  an  that  e  or  sulpbocart 
ethylate  of  potash  is  a  salt  which  crystallizes  in  needles.      It 
easily  obtained  by  adding  to   bu   alcoholic   solution  of  potash, 
quantity  of  bisulphide  of  carbon,  until  the  alkaline  reaction 
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isappeaiTd:  on  exposing  the  solution  to  a  cold  of  32^,  the  salt  h 
dep<jj^ited  in  needles ;  imd  the  carbosiilphet hylic  arid  may  Ijo 
obtained  from  this  salt  by  decomposing  a  concentrated  solution  of 
it  with  hydrochlonc  acid,  when  it  separates  as  a  heavy  oily  liquid. 

fAraielJiylic  Acid. — -Tlie  oxalethylate  (oxnlovinate)  of  potn.**!! 
is  obtained  by  decomposing  oxalic  ether  dissolved  in  alcohol 
by  a  quantity  of  an  alcohol ic  solution  of  potasli  sufficient  to 
combine  with  one  half  of  the  oxalic  at^d  which  it  contains. 
The  alcoholic  solution  yields  pearly  scales  of  the  salt,  which, 
when  decom|x>sed  with  fluosilicic  acid^  furtijshcs  free  oxalethylic 
acid. 

Ethyhiilphurous  or  mdphoethtjloUc  acid  is  obtained  by  acting 
upon  raercaptau  (CiU^Sm)  (995)  with  nitric  acid  (of  sp.  gr.  rij) 
so  long  as  decomposition  coutitmes  to  take  place :  violent  reaction 
occurs,  attended  with  the  escape  of  nitrous  fumes.  The  excess 
of  nitric  acid  is  expelled  by  evaporating  the  licjuid  over  the 
water  bath,  and  the  residue,  after  dilution,  is  saturated  with  car- 
bonate of  lead;  the  filtcretl  liquid  is  eva|K>ratcfl,  and  t\\L'  ethyU 
sulphite  of  lead  is  allowed  to  cryslallize.  If  this  salt  l>e  decivrn- 
posed  by  means  of  sidpluiretted  hytlrogcn,  the  acid  is  set  at  liberty, 
and,  by  concentration  over  the  water  bath,  it  may  be  obtained  in 
transparent  crystals,  which  have  an  aekl  disagreeable  taste. 

Phusphethjilv  or  Phmphm-ime  Avid, — When  ocjual  parts  of 
alcohol  and  syrupy  phosphoric  aeid  are  heated  togctlier,  combi- 
nation takes  place ;  pbo^^phethylate  of  baryta  may  Ix?  obtained  by 
saturating  the  liquid  with  carbonate  of  baryta,  distilling  ofl"  the 
excess  of  alcohol  and  then  filtering  the  solution  and  allowing  it  to 
crystallize.  On  decomposing  this  salt  cautiously  by  the  addition 
of  sulphuric  acid,  the  phosphcthylic  acid  is  liberated. 

Diphmphethtjiic  Acid, — ^^y  adding  anhydrous  phosphoric  acid 
gradually  to  absolute  alcohol,  a  mixture  of  pbo.^plicthylic  and 
diphosphethylic  acid  is  formed.  Ou  the  additiuu  of  carbonate  of 
lead,  the  phosphethylic  acid  and  the  excess  of  phosphoric  acid  are 
removed,  whilst  tlie  dipbosphcthylate  of  lead  remains  in  solution, 
and  may  l>e  obtained  in  crystals  by  evaporation ;  if  the  acid  be 
required  in  a  separate  form,  it  may  be  procured  by  passing  sul- 
phuretted hydrfigen  through  a  solution  of  tlie  lead  salt.  When 
the  diphosphetbylate  of  lead  is  subjected  to  a  heat  of  alwut  370^ 
it  is  decomposed,  and  phosphoric  ether  ( 3  C4H5O,  PO^ )  distils 
over  :— 

DiphoiplMihjI.  IjttA.  Ph^Mpboric  Gth<>r.  Pbosphcthrl.  Loail, 
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§  IV.  The  Ethers — simple,  double,  anb  compcjuxh. 

(986)  General  Remarks  on  the  Eihen* — ^The  ethem  admil 
being  conveaieBtly   subdivided  into    three    clasaes^   riz,,    l. 

8hnpie  ethers,  of  which  ordinary  ether  (C^HgO,  C|H^O)  is  the 
representative,     a.  The   double  ethers,  discovered  by  Willia 
such    as  the    methyl- anay lie   (C^H^O,   CkiHuO),   aiid  the  ethy 
oetylic  {CJIrP,  CnJIj^O).     3*  The  coij^ound  ethers^  which  ma 
either  coatuiti  the  clemeuts  of  a  simple  ether,  and  of  an  anhydron 
axy*aeid,   such  as  nitric  ether    (C^HgO,  NO5),  acetate  of 
{C,oH„0,  CjirA)i  and  furmiate  of  methyl  (C^HaO,  C3MO3; 
they  may  be  produced    by  tijc  action  of  a  hydracid,  such  as  tl 
hydrochloric,  ujKrn  one  of  the  alcohols ;  hydrochloric  ether  (C^H^( 
and  hydriodic  ether  (C^IIrJ)  tiffurding  examples  of  this  kind, 

(1)  The  simple  ethers,  which  contain  oxygen,  are  a9uaU| 
formed  by  the  distillation  of  the  alcohol  with  sulphuric  acid ;  in 
this  case  the  distilled  li^piid  may  be  viewed  as  a  compound  derive 
from  the  alcohol  by  the  removal  of  an  equivident  of  water.  The 
are,  however,  reasons  for  thinking  that  the  ir^jo  relation  betwee 
the  alcohol  and  the  ether  is  of  a  ditfcrcat  nature;  but,  supposij 
this  liypothcsiK  to  be  correct,  tiie  simple  ethers  wliich  contail 
oxygen  might  be  considered  to  consist  of  oxides  of  particnlar 
hydrocarbons  (wliich  form  t!ic  radicles  of  the  ethers),  whilst  the 
ah'ohols  would  be  bydrated  oxides  of  the  same  bodies.  Thus  Liebig 
represents  ordinary  {ethylic)  ether  as  {C4H-)0,  and  ordinary 
alcohol  as  (C^II^jO,  HO.  BerKclius  suggested,  on  the  othe 
hand,  that  ether  and  alcohol  might  each  be  formed  in  a  sL 
manner,  and  recent  researches,  particnlarly  those  of  WtHiamsoD 
have  rerulered  it  highly  probable  that  the  molecular  constitution 
of  both  alcohol  and  ether  is  similar,  so  that  Iwth  may  be  regarde 

iV) 

as  compounds  formed   upon   the  type  of  water  itfOii  ^^  which 

case  alcohol  would  be  water  in  which  one-half  of  its  hydrogen 
has  been  displaced  by  ethyl ;  and  ether  would  be  water  in  which 
both  halves  of  the  hydrogen  have  been  displaced  by  ethyl ,-  thusj* 


W«t*r, 


Ak*f>boL 


Ethtr. 


•  It  will  he  reoolleetcd  that  GerlmrJt  douhles  tho  <»quivftlont8  of  oxjgenl 
carbon,  lind  »iilphiir;  a  view  adopted  by  Willimuigon,  Brodie»  and  others/ auq 

thut  in  cottsequencc  theae  cheiaiflts  regard  water  a«  t*  J  0,    Gerliardt*«  doub 
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This  doubling  of  the  formulae  of  ether  has  become  necessary  in 
consequence  of  Williamson's  discovery  of  the  existence  of  double 
ethers^  the  general  properties  of  which  we  proceed  to  examine. 

(2)  Double  Ethers. — When  sodium  or  potassium  is  added 
gradually  to  anhydrous  alcohol^  a  brisk  action  occurs,  the  tempe- 
rature rises  rapidly,  and  the  metal  is  dissolved,  whilst  an  extrica- 
tion of  pure  hydrogen  gas  takes  place,  and  a  fusible,  crystallizable^ 
deliquescent  compound  is  formed,  which  has  received  the  name  of 
sodium-alcohol  (or  potassium-alcohol)^  or  of  ethylate  of  soda  (or  of 
potash) ;  its  composition  being  such  that  it  may  be  regarded  as 
alcohol  in  which  one  equivalent  of  hydrogen  has  been  displaced  by 
one  of  sodium  or  of  potassium ;  thus,  if  sodium  be  used : — 

Alcohol.  Sodium  Alcohol. 

C^HA  HO  +  Na  ^JC^njC^,  NaO  +  H 
This  and  the  subsequent  reactions  may,  perhaps,  be  more  readily 
traced  by   throwing   the  equations  into   a  form   similar  to  the 
following : — 

Alcohol.  Sodiam  Alcohol. 


C*;|*|0,  +  Na  =  C^^'JO,  +  H 

The  action  of  sodium  or  ]X)tassium  upon  the  other  alcohols  is  of 

equivalents  are  here  f^iven  in  italics  to  distingnish  them  from  those  inordinary 
use.  The  chemists  who  adopt  Gerhardt's  views  further  regard  the  smallest 
particles  of  hydrogen  as  it  exists  in  the  f^aseous  state,  not  as  consisting  of  the 
elementary  molecules  of  hydrogen  H,  but  rather  as  being  each  composed  of 

two  molecules,  u  [  thus  making  hydrogen  gas  a  hydride  qf  hydrogen;  the 

oxygen  in  the  molecule  of  water   (tt  r  O)    being    indivisible,    but    the 

hydrogen  being  divisible  into  two  portions;  each  portion  being  supposed 
to  be  capable  of  displacement  by  an  equivalent  of  various  metals,  such  as 

potassium,  sodium,  calcium,  &c. ;   hydrate  of  potash  being  xr  (  Of  slaked 

XT     \ 

lime  Q  >  O,  and  so  on.  In  like  manner  the  molecules  of  hydrogen  are  sup- 
posed to  be  separately  displaceablc  by  a  molecule  of  ethyl,  (CjH,) ;  of  methyl, 
(CH,) ;  of  amyl,  (C^Hij),  <&c. ;  so  that  the  formula)  of  water,  alcohol,  and 
ether  will  be  respectively — 

Wat«r.  Alcohol.  Ether. 

h}^       '  H  }^       '        CJIJ^ 

This  atomic  hypothesis  of  Gerhardt's  is  not  essential  to  the  view  of  the 
formation  of  etlier  given  above,  but  it  tends  considerably  to  simplify  it. 
Sulphuric  acid,  it  must  be  borne  in  miud,  is  regarded  by  Gerhardt  as  dibasic, 

and  hence  he  would  represent  it  as  u  [  O,  SO^ ;  and  sulphethylic  acid  as 
^'fl*l^'^^r    See  also  (i  102). 
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^ 


an  analogous  nature;    for  example,  a  similar  result  is  obtained^ 
vhen  wood  spirit  is  treated  >vit]i  sodium  : — 

MHfayl  AlcohoL  Sodium  MMhjrtoobot 

*^^jHo,  +  Na,  becoming  *^|J^']o,-h  H. 

NoWj  if  the  sodium  compound  of  alcohol  be  sealed  up  in  a  tube 
with    an    equivalent    amount   of  iodide  of  methyl,   and   beat 
applied,    mutual    decomposition   occurs;    iodide  of  sodium 
formed,  whilst   the   molecule   of  methyl   takes   the   place  of  thi 
sodium  iu  the  alcohol,  and  thus  a  double  ether,  the  ethylmetbylic 
18  formed : — 


Bodium 


loilide  of 
Bodium. 


Na]"*     +         I  j    ^     CH,]^'     +       I  5 

A  reaction  of  a  similar  kind  is  obtained  if  iodide  of  amyl  be 
njade  to  act  upon  the  sodium-alcohol ;  amyl-ethylic  ether  bcin^ 
formed  in  this  case,  as  follows  : — 

Sodium  A Jcohol.  ItKUtiif  of  Amyl.  Amyl-etliTlic  Ether. 


CJI5O,  NaO 


Na  J"*     "•"        I     J  - 


Nal] 
+  NaT. 


+  C,oH„l   =   (C.HjO,  C,„H„U)   +   JNal;  or 

Several  otiier  double  ethers  have  liccn  formed  by  analo^r 
methodt*.  An  equivalent  of  each  of  these  ethers  yields  4  volum 
of  vapour,  as  may  be  seen  by  comparing  the  theoretical  with  the 
ej(perimenta]  numbers : — 


MethyUctliylic  Ether 
Methyl-am ylir  Efher 
Amyr-elhyfic  Ether  . 

BoOing 

8p««L0c  Omni  J. 

Theory. 

Exp«niti«ti( 

51-8 

2084 
354^ 
4031 

2158 

374 
404a    j 

I 


Now,  if  iodide  of  ethyl  be  suhstituted  for  the  iodide  of  aniyl 
or  iodide  of  methyl,  in  the  foregoing^  experiment  the  iodide  < 
ethyl  also  is  decomposed  by  the  sodium-alcohol^  and  ordinar 
ether  is  produced  ; — 

0Mdiuni  Alcohol,  Sthjlic  Eth^r. 

Tlie  conclusion,  tliorcforr,  njipfars  to  he  inevitable,  that  tlic  molecBi 
of  coouiiou  ether  luust  likewise  be  analogous  iu  its  construction 
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•^noleculesofthe  double  ethers.     Moreover,  if  the  equivalent  of 

T  be  regarded  as  composed  only  of  C4H5O,  it  yields  only  two 

ues   of   vapour;    whereas,   if   the    equivalent    be    taken  as 

I5O,  C^HgO),  it  yields   four  volumes  of  vapour,  like  alcohol 

'  the  other  organic  compounds. 

(3)  Compound  Ethers, — When  one  of  the  alcohols  is  brought 

>  contact  with  a  hydrated  monobasic  acid,  the  two  bodies  react 

^a  each  other,  two  equivalents  of  water  are  eliminated,  and  the 

ments  of  the  anhydrous  acid  and  of  the  ether  unite  together,  and 

m  a  compound  etlier.     Thus,  when  acetic  acid  is  subjected  to 

•itillation  with  ordinary  alcohol,  acetic  ether  is  produced : — 

AoeticAcid.  Alcohol.  Acetic  Ether.  Water. 


C4H3OJ  C,H,|  _      QHaOJ 


double  decomposition  occurs  in  this  case,  as  in  the  foregoing, 
le  basic  hydrogen  of  the  acetic  acid  changing  places  with  the 
lolecule  of  ethyl  contained  in  the  alcohol.     When  the  affinities 
f  the  acid  are  not  very  strong,  the  reaction   is  facilitated  by 
nixing  one  of  salts  of  the  acid  with  alcoliol,  and  then  liberating 
rhe  acid  by  the  agency  of  sulphuric  acid ;  in  this  manner  formic 
ether  is  readily  obtained  by  distilling  a  mixture  of  dry  formiate  of 
soda,  alcoliol,  and  concentrated  sulphuric  acid,  altliough  hydrated 
formic  acid  and  alcohol,  when  distilled  together  have  but  a  com- 
paratively small  action  upon  eacli  other.      Bcrthclot  obtains  the 
reaction  of   the  organic  acid   upon  the   alcohol    in  most  cases, 
without  the  intervention  of  a  stronger  acid,  by  exposing  the  alcohol 
and  the  acid  in  sealed  tubes  for  some  hours  to  a  temperature  vary- 
ing from  212*  to  480**. 

Many  compound  ethers,  such  as  the  butyric,  the  benzoic,  and 
the  palmitic,  may,  according  to  M.  Berthelot,  be  obtained  by 
sealing  up  a  mixture  of  the  hydrated  acid  with  tlie  simple  oxygen 
ether  in  a  tube,  and  exposing  it  to  a  temperature  of  about  750**. 
In  this  case  only  one  equivalent  of  water  is  separated  from  the 
hydrated  acid.      {Ann,  da  Chtmie,  III.  xli.  432.) 

Other  modes  may  be  adopted  for  obtaining  the  compound  ethers. 
When  the  oxychlorides  of  the  monobasic  acids  (1097)  are  heated 
with  alcohol,  a  compound  ether  of  the  corresponding  monobasic 
acid  is  obtained  :  thus  benzoic  oxychloride  (chloride  of  benzoyl) 
yields  benzoic  ether  when  heated  with  anhydrous  alcohol : — 

Bensoio  Ozyehlor.  AloohoL  Hydrochloric  Acid.       Benxoio  Ether. 


CmH,0, 
CI 


.1     .      C,H.|         _      Hj  C,H,    I 
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The   distillation   of  the  couccutratcd   aqueous   soUitioQl 
vinic  salt,  sueh  a»  the  sulphomethylate  or  sulphethylate  of 
or  of  lime,  with  a  conceutriited  solution  of  the  i^ulpliidej  selct 
tclluride,  or   cyanide  of  potassium,  furnishes  aa  easy  method 
ohtaiuing  the  corrcspouding  ether  with  sulphur,  selenium,  tell 
rium,  or  cyanogen.     Thus  if  the  cyanide  of  methyl  were  requu 
the  reaction  would  be  the  following : — 

Bulphorn'-thjluri*  of  Potwh,  Cjnuiido  of  MeihyL         8iilplukt«  ttf  T\\t^ 

KO,  C3H3O,  S,0,    -h    KCy    ^    CJlaCy   +    2  (KO,  SOj). 

Other  modes  of  preparing  particular  ethers  are  adopted ;  these 
will  be  noticed  when  the  ethers  to  which  they  **ppl7  are  descri 

The  ethers  of  the  hydracids  are  readily  formed  by  the  d 
action  of  these  acids  upon  the  alcohols;  hydrochloric  ether, 
instance,  may  be  fanned  by  saturating  alcohol  with  hy*droclil( 
acid  gas,  and  sidjmitting  the  mixture  to  distillation  i — 

AlcohoL  li^'druoltloric  ftdd.         W»t«r.  Hydirwlkloric  Bti^. 

IIj^'     ^      CI  J      ^      H 

The  molecule  of  ethyl  in  the  alcohol,  and  that  of  hydrogen  in 
the  acid,  change  places,  and  hydrochloric  ether  and  water  arc 
produced  by  double  decomposition. 

Advantage  is  taken  of  the   facility  with  wliich  the  hydjmci<k 
act  upon  the  alcohols,  in  order  to  prepare  compound  ethers  witli 
acids  of  comparatively  feeble  affinities.      Thus  if  it  be  desired 
obtain  ethers  of  the  fatty  acids,  such  as  palmitic  ether  for  exam 
the  palnutic  acid  is  dissolved  in  alcohol,  and  a  current  of  hy 
chloric  acid   is   transmitted,  whilst    the   alcohol   is  gently  heat 
After  the  reaction  has  terminated,  the  product  is  washed  with  hi 
water;  and  the  palmitic  ether  being  insoluble  in  water,  is  readily 
separated  from  the  mixture.    It  appeal's  that  hydrochloric  ether  i^M 
first  formed,  and  tliis  afterwards  undergoes  double  deconipositic^P^ 
when  heated  with  the  fatty  acid : — 

AiJoobol*  HydrocWoric  Bthier. 


0,  + 


ST^foohkirio  Ether, 

CJH 


fill  mi  He  Arid^ 


Pidmitic  GUi«r. 


CI  j     +  H       5"^     "      Clj     +      C^H,      j°» 

The  ethers  of  the  dibasic  acids,  when  converted  into  vapour,  yie, 
only  two  volumes  of  vapour  for  each  equivalent  of  oxide  of  ethjj 
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M'hich  tlicy  contain  :  so  that  if  four  volumes  of  vapour  he  taken  as 
the  representative  of  an  equivalent  of  those  compounds,  tlic 
formula  of  the  oxalic,  carbonic,  and  succinic  ethers,  must  be 
taken  as  containing  one  equivalent  of  the  dibasic  acid  and  two 
equivalents  of  oxide  of  eth^l  j  the  formula  of  carlx)nie  ether  being 
wi'ittcn  (2  CjHp,  C2OJ. 

(987)  Nature  of  the  Compound  Ethers. — Liebig  has  proposed 
to  oousidcr  the  compound  ethers  as  salts,  in  which  the  acid  is 
supposed  to  be  conibiuetl  with  an  organic  oxide  instead  of  a 
metallic  one ;  acetic  ctlier,  for  example,  lieing  regarded  as  acetate 
of  oxide  of  ethyl]  (C4IIJ  O,  CiMyO^.  The  organic  oxide,  how- 
ever, cannot  readily  be  displaced  by  a  metallic  oxide, — as  oxide  of 
ammonium  can  from  its  salts,  by  means  of  oxide  of  potassium  ; 
and  the  properties  of  the  ethers,  as  well  m  the  mode  of  their 
fomiation,  are  Ln  reality  more  allied  to  those  of  the  amides  than 
to  tlie  ordinary  salts.  Indeed,  they  present  a  striking  analogy 
with  the  amides*  (1045),  ^^  ^^^7  ^^  ^^^^  ^"  comparing  them  in 
a  few  leading  particulars. 

The  amides  are  formed  by  the  union  of  ammonia  with  the 
acids,  whilst  an  elimination  of  water  takes  place.  Benzaniide,  for 
instance,  consists  of  the  elements  of  bcnzoate  of  ammonia,  minus 
water;  thus — 


AiDiQonijk 


BenBoi€  A(dd< 


BemiiBmidp. 


Watur. 


o,   = 


N    + 


) 


O. 


II 

H        J  "  ' 

Benzoic  ether  contains  the  elements  of  benzoic  acid  mid  alcohol, 
minus  the  same  number  of  equivalents  of  water: — 

Alcoho\.  BraAo'w  Arid.  BcMJeoio  Ether. 


H 


h  =  i}o.  ^  ^:'-]o. 


The  amides,  when  treated  with  hydrating  agents,  as  for  instance 
when  boiled  witli  alkalies,  slowly  Ijccoinc  liydrated ;  araraonia, 
and  the  acid  from  which  they  were  formed,  being  reproduced  :  and 
in  like  manner  the  compound  ethers,  wiien  treated  wuth  a  solution 
of  jK>tash,  arc  re^solvcd  into  alcohol,  and  the  acid  wlience  tlicy 
were  formed.  Indeed,  this  change  of  the  compound  ethers  into 
alcohol  and  the  hyd  rated  acid  often  takes  place  by  mere  prolonged 
contact  with  water,  and  this  decomposition  is  greatly  accelerated 
by  the  prescnee  of  a  sraall  quantity  of  free  acid,  |mrticulaf  ly  if  the 
temperature  be  raised  to  the  boiling  point, 
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Again,  the  dibasic  acids   forrn  with    amidogeu    amidic 
which  amy  he  regarded  as  acids  iu  which  one  half  of  the  acid  i 
experienced  a  redaction  to  the  form  of  amide  by  the  aetiou  of  1 
equivalent  of  ammonia;  and   the  vinic  acids,  in  like  inauncr,  maf" 
be  \iewed  as  dibasic  aeids  in  which  one  half  the  acid   baa 
converted   into  a  compound  ether  by  the   action  of    i   equivje 
of  one  of  tlie  alcohols,      Oxamic  and  oxalethylic  (oxalovinic)  aci<li 
for  insitance^  may  be  represented  respectively  as  com]K>unds  of  o\a 
acid  with  oxamidc  and  with  oxalic  ether  :— 

OiAmiJe.  Oxjlh3  Acid.  OxaxdIc  A^nd. 

OiJklic  Eth*?r, 


3  HO,  C^O«    = 

Osjilic  Add. 


z  (HO,  (HiNCjOj)  CjOJ 

Oxmtelhrlic  Add. 


2  CJI.O,  C,0«    +    a  HO,  CA    -    2  (IIO,  C\H,0,  CA ) 

(988)  Chemical  Properties  of  the  Ethers. — ^The  simple  ethe 

and  the  compouiHl  ethers  of  the  raonobasie  acids^  may  geuerallv  hf 
volatilized  without  undergoing  decompo.^ition;  but  their  boiling  {loic 
rises  as  the  number  of  equivalents  of  the  hydrocarbon  (C^H^)  whi^ 
they  contain  incr causes.    A  similar  observation  applies  to  the  boiliu 
point  of  compound  ethers  of  thffercnt  alcohols  derived  from 
same  acid^  as  well  as  to  ethers  derived  from  the  same  alcohol 
containing  dilFcretit  but  homologous  acids.     The  ethers  are  ge 
rally  sparingly  Bolublc  iu  water^  but  they  are  readily  dissolved 
alcohol  and  by  ordinary  ether.     None  of  the  simple  ethers  h^vt 
as  yet  been  detected  ready  formed  in   the  vegetable  kingdom,  bfl 
the    cornjjouud    etlicrs   appear  to  be  not  unfVcquently  present 
fruits  and  some  other  parts  of  plants,  which  occasionally  owe  the 
fragrance  to  these  Ijodies.     The  oil  of  winter  green  is  a  salicylfl 
of  methyl  C^lI^Oj  Ci^fLp^j  and,  as  Cahours  has  shown,  it  ma 
be  artiiicially  produced  by  the  combination  of  oxide  of  methj 
with  salicylic  acid.      Many  of  the   artificial  essences   sold   by  tb 
perfuoiert^  and   confectiouei's  consist  of  these  ethers  dissolved 
alcohol  ;  for  it  is  a  remafkable  circumstance,  that  the  pure  ethc 
often  have  a  repuklve  odour,  ivhich  is  very  different  to  that  whiel! 
they  iiosse^B  when  largely  diluted  with  alcohol.     The   so-called 
pear  oil,  or  eisenct  of  Jargoueiie  pear,  is  an  alcoholic  solution 
acetate  of  amyl  C,,JI,iO,  CjIIgOg.      Apple  oil  is  a  similar  prepar 
tion  of  valerianate  of  aniyl  C\„HjiO^  Ci^IlA-      Ptfie*apple  ail 
simply  butyric  ether  CJl^O,  C^HyOa  diluted  with  alcohol  (Hof- 
mann,  Ann.  dc  Chiinie^  III.  xxxiv.  325).      Esaence  of  melons  is  tl 
ethyl  compound  of  one  of  the  acids  of  cocoa-nut  oil.      Essence 
quinces   h^   dilute  pelargonic    ether   C^H A  ^m^IirOj ;   and 
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peculiar  odour  of  wine  is  found  to  be  due  to  an  ether,  termed  by 
Liel)ig  aud  Pelouze,  who  discovered  it,  lenanthtc  ether ^  (from  olrrjc. 
wine,)  C^HflO,  Cj^HigO^  (?),  but  wliich,  according  to  Dclffs,  is 
simply  i>elargonic  ether.  This  ether  is  stated  to  be  the  basis  of 
Hangarlaii  withe  oil,  which  has  beeu  sokl  for  flavouring  brandyj  at 
the  rate  of  sixty-nine  dollar*  per  pound. — (Johnston.] 

(a)   Ordinary  Ether — Theory  of  Etherificatton. 

(989)  Ether;  EthyUc  or  Vinic  Ether,  also  improperly  called 
Sulphuric  Ether  (CJI A  ^^^S^)-  ^P-  gr.  of  liquid  at  32°  07365 ; 
of  vapour  2'586* 

Preparation. — Formerly    ether    was    prepared    by    mixing    3 

measuret*  of  alcohol  and  i  measure  of  sulphuric  acid,  and  distilling 
until  it  began  to  blacken;  then  a  quantity  of  alcohol,  equal  to 
half  that  originally  used,  was  added  to  the  residue  in  the  retort, 
and  the  distdlatiou  was  again  proceeded  with  until  the  ether 
ceased  to  come  over.  The  method  at  present  in  general  use  for 
the  preparation  of  ether  is  that  known  as  the  **  coutinuons  process" 
of  BouUay.  It  consists  in  mixing  together  equal  measures  of 
alcohol  (sp*  gr.  0*830),  and  of  concentrated  sulphuric  acid  ;  the 
mixture  is  submitted  to  distillation  in  a  capacious  retort,  which 
must  be  connected  with  an  efficient  condenser.  Through  the 
tubulure  of  the  retort  a  tube  is  introduced,  which  is  in  comnuiiu- 
cation  with  a  reservoir  of  alcohol,  designed  to  maintain  a  supply 
of  spirit  sufficient  to  keep  the  amount  of  liquid  at  a  uniform  level 
in  the  retort  during  tlic  course  of  the  subsequent  distillation. 
The  temperature  is  then  rapidly  raised  so  as  to  maintain  the  mix- 
ture in  steady  ebullition.  The  liquid  which  passes  over  consists 
almost  entirely  of  ether  and  water,  mixed  with  a  small  portion  of 
alcohol,  which  has  distilled  over  unchanged. 

This  process  may  go  on  without  interruption  until  a  quantity 
of  alcohol,  about  thirty  times  as  great  as  that  originally  taken,  has 
become  converted  into  ether.  Isethionic  acid  is  gradually  formed 
in  the  residue, 

Mitscherlich  distilled  a  mixture  of  1  part  of  absolute  alcohol 
w^ith  2  parts  of  sulphuric  acid,  consisting  of  5  parts  of  oil  of  vitriol 
diluted  with  i  part  of  water  (110,  SO;i,  HO,  sp.  gn  17X0  nearly), 
the  original  volume  of  liquid  in  the  retort  being  maintained  by  a 
gradual  supply  of  absolute  alcohol;  he  found  that  for  every 
100  parts  of  alcohol  consumed,  about  65  of  ether,  17  of  water, 
and  J 8  of  nndecoraposed  alcohol  were  obtained:  the  quantity 
of  alcohol  which  distils  depending  upon  the  rapidity  with  which 
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tbe  operation  is  conducted ;  the  more  quickly  it  is 
the  larger  beitig  the  qitautity  of  akx>bol.  When  absolute 
ia  med,  for  every  65  parts  of  ether  obtained^  ^5'4  ^^  water 
should  W  produced^  the  alight  excess  observed  depending  up 
the  presence  of  traces  of  water  in  the  alcohoL  With  a  more  dilu 
alcohol  the  proportion  of  water  which  passea  over  a&  greater^ 
excess  corresponding  with  the  amount  present  in  the  alcoh 
The  temperature  moat  favourable  to  the  formation  of  ether 
from  284"^  to  290^  At  a  temperature  of  320^  the  disengageme 
of  sulphurous  acid  mixed  with  oletiant  gas  and  oil  of  wil 
commences.  If  a  sulphuric  acid  much  more  dilute  than  one  i 
sp.  gr,  r63a  (HO,  SOj,  i  HO)  be  employed,  the  esoesa  of 
gradually  distils  over  with  the  alcohol,  which  undei^oea  lit 
change  until  the  liquid  has  become  sufficiently  concentrated  to 
allow  the  bailing  point  to  rise  to  284%  after  which  ether  is 
formed  as  usual.  Alcohol  may  also  be  converted  into  ether  by 
heating  it  with  phosphoric,  arsenic,  and  perchloric  acids,  as  well 
by  means  of  bichloride  of  tin,  chloride  of  zinc,  iiuoride  of  bor 
and  by  several  other  processes  which  mil  be  further  conside 
when  tlie  theory  of  etherification  is  passed  under  review  (990). 

In  order  to  piu*ify  the  crude  ether,  it  should  be  agitated  wi( 
an  equal  bulk  of  water,  containing  jnth  of  its  weight  of  ear  bono 
of  potash  in  solution  ;  the  water  combiues  witli  the  alcohol,  and 
potash  unites  with  any  sulphurous  acid  that  may  have  distilled  ove 
t!ie  liquid  separates  into  two  layci's,  the  upper  of  wliich  consists  1 
ether  hokliog  a  little  water  in  solution.      The  ether  may  be 
from  water  by  allowing  it  to  stand  for  a  day  or  two  upon  quick- 
lime, or  upon  chloride  of  calcium  :  it  is  then  to  be  rectified  by  tl 
heat  of  a  water-bath,  and  condensed  in  vessels  kept  c<x»l  with  ic 
cold  water. 

Properties. — Pare  ether  is  an  extremely  limpid,  colourk 
transparent,  volatile  liquid,  of  high  refrjicting  power;  it 
a  |K>\vcrful,  penetrating,  and  peculiar  odour,  and  a  taste  at  first 
fiery,  but  afterward.^  cooling :  if  taken  internally  it  produces 
stimulating  and  intoxicating  eflects.  Its  vapour,  when  inhale 
at  fii-st  occasions  exhilaration,  speedily  followed  by  complete  inseq 
sibility  to  pain;  owing  to  this  property  it  was  at  one  time  exten? 
sively  administered  during  siygical  operations,  to  diminish  the 
sufferings  of  the  patient ;  but  its  employment  for  this  purpose  has 
been  superseded  by  tlie  use  of  chloroform,  the  eflbcts  of  which  are 
more  speedy  and  certain,  and  are  attended  with  less  excitement  to 
the  system.    Ether  has  a  sp.  gr.  of  0724  at  55"*,   It  boils  at  94''8 
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and  freezes  at  about  — 24®.  From  its  great  volatility,  and  the  eon- 
sequent  depreBsion  of  tenii)erature  fiiriiislied  by  its  rapid  evaporn- 
'  tioD,  it  is  frequently  employed  for  producing  cold  artificially.  Ether 
[ifl  dimolved  freely  by  alcohol ,  but  s^qiaringly  by  water.  Wlieu 
faptsted  with  an  equal  bulk  of  water,  it  dissolves  alK>ut  Jth  of  it.s 
volume  of  water,  while  the  water  takes  i.th  of  its  bulk  of  ether. 
Ether  is  employed  to  some  extent  as  a  solvent  for  fatty  bodies,  and 
is  used  ill  the  proximate  analysis  of  organic  matters  for  separating 
the  fats  or  oils  which  they  contaiu  frora  other  substances  which 
are  not  soluble  in  this  menstruum.  Iodine,  sulphur,  and  plios- 
phorus,  are  dissolved  by  ether.  Ammooiacal  gas,  and  deutoxide  of 
nitrogen,  ai-e  also  freely  absorbed  by  it :  certain  metallic  salts  are 
likewise  dissolved  by  it ;  among  these  are.  bichloride  of  platinum, 
and  sesquichloride  of  iron  ;  witli  bichloride  of  tin  it  forms  a  volatile 
crystalline  compound  (C  JI.O,  C^fljiO,)  SnCl^.  Chloride  of  mercury 
and  terchloi'ide  of  gold  are  also  freely  soluble  in  ether ;  thc*se  two 
compounds  may  be  separated  from  their  solutions  in  w^ater  by 
agitation  with  ether,  and  they  rise  with  it  to  the  surface  when  left 
at  rest. 

Ether  is  extremely  inflammable,  and  as  it  is  also  very  volatile 
and  tuniishes  a  vapour  of  considerable  density,  great  care  must  be 
taken  not  to  pour  it  out  in  the  vicinity  of  a  flame ;  many  serious 
accidents  having  arisen  from  a  neglect  of  this  precaution.  In 
certain  proportions  its  vapour  forms  an  explosive  mixture  witli 
air  or  oxygen.  When  burned  with  a  sufficient  supply  of  oxygen 
it  produces  only  water  and  carbonic  acid.  Its  flame  is  more  lumi- 
nous than  that  of  alcohol,  and  it  deposits  charcoal  on  cold  bc*dies 
which  are  introduced  into  it.  When  passed  through  ignited  tubes 
it  is  decomposed ;  charcoal  is  depositerl,  and  aldehyd  is  found 
among  the  products.  M  burned  at  a  lower  heat  with  insufficient 
access  of  air,  it  yields  a  mixture  of  aldehyd  with  acetic  acid  and 
aeetal ;  but  aldehyd  is  the  pi'cduminating  ingredient :  this  foi*mation 
of  aldehyd  is  easily  explained,  since  the  substitution  of  two  equiva- 
lents of  oxygen  for  two  of  hydrogen  in  the  formula  for  etlicr. 
furnishes  the  elemeuts  of  two  equivalents  of  aldehyd,  the  hydrogen 
combining  with  two  more  equivalents  of  oxygen,  and  being  elimi- 
nated in  the  form  of  water  : — 


ElbM'. 


Aldobjd. 


(c^H^o,  c,ii,o)  +40  =  3  (c,H,o,)  +  2  na 

If  ether  be  kept  in  vessels  partially  filled  wnth  air,   it  gradually 
absorbs  oxygen^  and  acetic  acid  is  formed.      When  treated  with 


158 


nisoftir  or  CTH^nincATiov 


ooDOGiitfaled  sulpliiiric  acid,  ordiii&rT  otber  beconieft  converted  iuli 
mlphetbyUe  add ;  and  if  thifl  liquid  be  boiled^  sweet  oil  of  nine 
mingled  wiUi  sulphuroiw  acid  passes  over,  the  mixture  blaekena  con- 
iidieia))] Vy  atid  etluouic  and  iseihionic  acids  are  formed  iti  the  retort. 

K  J  trie  acid  acts  powerfully  upon  ether  with  the  aid  of  hoit, 
forming  carbonic,  acetic^  and  oxalic  acids. 

If  ether  be  saturated  with  hydrochloric  acid  and  distilled, 
hydrochloric  ether  is  the  product.  Chlorine  converts  it  into 
various  substitution  compounds,  aud  produces  aldehjd,  chloral, 
and  hydrochloric  ether,  whilst  hydrochloric  acid  is  evolved  in 
abundance. 

Potassium  and  sodium  deeompoae  ether  slowly^  aud  liberate 
hydrogen  gas. 

(990)   Theory  of  Etherification. — In  the  process    of  preparing 
ether  from   alcohol    by   the  agency  of  sulphuric  acid,  it   will  be 
observed  that  a  small  quantity  of  this  acid  converts   an   indetiuite 
quantity  of  alcohol  into  ether  and  water.     The  explanations  which 
have  been  oftere<i  to  account  for  the  formation   of  ether    by  the 
action  of  sidphuric   acid  are    Tery  numerous.       Most    chemist^ 
however,    now    admit    with    Liebig,    that    the    essential    chau^ 
may   be  divided   into  two  stages,  the  first  of  which    consists  ii^Bl 
the  formation  of  sulphethylic  acid,  and  the  second  in  the  deeoni^| 
position    of    this    acid    into    sulphuric    acid,    water,    and    ether.^' 
When  fresh  alcohol   is  added   to  the  mixture,  a  new  quantity 
sulpliethylic   acid    is  formed   with    the  sulphuric    acid     libera 
dyriiig    I  be   previous    distillation ;   this  sulphcthylic    acid    in    i 
turn   midergoes   de  com  position   iuto  ether,   water,  aud    siUph 
acid,  and  thus  the  same  portion  of  sulphuric  acid  continues   tl 
etherification   for  an  iiideiinite  period.      Tlie   following    ingenio 
experiment  by  Williamson    goes   far  towarils   proving  the  oe 
rencc  of  this   successive  formation   and   decomposition  of  salp] 
ctbylic  M>id   during  the  process  of  etherification.      A  mixture  ol 
nulidiuric  acid  and  amy  he  alcohol  was  prepared,  so  as   to  obtain 
snlpbmnylic  acid  (HO,  CjoHnO,  2  SO^)  (one  of  the  homologucs  of 
Hulpbt'lhylic  acid) ;   thin  mixture  was  |jlaced  in  a  retort   and   thei^H 
suhmitU'd  to  distilkiiou,  supplying  it  with  ordinary  alcohol,  as  ifl^ 
the  continuous  i^roccKs  of  making  ether  already  described.      The 
diwtilhiliriu  \M\^  con ti nurd  until  tlie   liquid  wbich  passed  over  con- 
tained only  ordinary  ether,  without   any  coinpound  of  fousel   oil. 
On  examining  tbc  rei*idue  in  the  retort   it  was  found  to  contain 
sul|jhrtbyli<!  acid  only,  tbc  snlphamylic  acid  having  entirely  disap- 
IHiurcd,  a  double  viUvv  (umV  "  *%  C^UftO,  CioHnO) 
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foimrl  ill  tlie  first  portions  of  the  distilled  liqiiid* 
stages  of  this  action  may  be  traced  as  follows  : — 


I 


The  successive 


SaJphAinjIio  Arid, 


H    j  "^a*  S2O4 


8alpbaric  Aeid 
i w- 

(2) 


lat  ^,  AleolioL 


Sulphurie  Acid. 


Amy]i?ttiflie  Eiher. 


•I'!o,= 


1  jo..  8.0. 

SulpboTinic  Aciil 


2ad  eq.  Alcuboll. 


H  ! 

9rd  «q.  AlcoWL 


+  -h'|o,= 


SuipboTinic  Acid, 

I "  > 

3ulp]^im<}  Acid* 


+ 


Ether. 


o,.s,o.    + 


I 


(jX^iJT.  \o   so    +  t:,TTj^-  __ 
Jl    I  ^v  ^r^6    +       II   (     -  ~ 

Now^  since  two  successive  stages  have  been  proved  to  occur 
during  the  formation  of  this  double  ether,  and  since  they  have 
been  also  traced  with  other  double  ethers,  it  appears  highly  pro- 
bable that  similar  steps  may  attend  the  formation  of  common 
ether  by  the  continuous  process^  in  which  it  may  be  supposed  that 
the  first  reaction  takes  place  between  one  double  equivalent  of 
sidphuric  acid*  and  an  equivalent  of  alcohol  j  one  of  the  molecules 
of  basic  hydrogen  in  the  acid  exchanging  places  with  the  ethyl  of 
the  ether,  thus  fonnitjg  one  equivalent  of  sulpbctbylic  acid  and  one 
of  water,  as  fullovvs  r— 

Stilpburic  Acid.  AlcaKol,  Suiph«tbirlic  Airid.  W»t#r. 


n  i  *^2*  ^s^« 


*^'\o,  =   ^*S*|o,.SA 


I 


in  tlie  second  stage  of  the  reaction,  the  newly-formed  sulphethylic 
acid,  and  a  new  equivalent  of  alcohol  undergo  double  decomposition, 
the  basic  hydrogen  of  the  alcohol  being  substituted  for  the  equiva- 
lent of  ethyl  contained  in  the  sidphetbylic  aci<l ;  an  equivalent 
ether  being  produced,  whilst  the  double  equivalent  of  sulphuric 
acid  is  again  set  at  bberty  to  perform  a  similar  round  with  fresh 
portions  of  alcohol : — 

Sal phet hylic  Add.  2nd  eq.  Alc^ihol.  Ether.  SnlphttrioAoid. 


C^H^  i 


The  principal  difficidty  iu  admitting  this  view  arises  from  the 
paradoxical  circumstance/ that  the  sulphethy lie  acid  should  be  pro- 
duced and  decomposed  under  precisely  similar  circumstances  of 
temperature.  Mitscherhcli,  BerzeUus,  and  Graham,  therefore 
simply  consider  tliat  sulphuric  aeid  has  the  power  of  producing  a 
decomposition  of  alcohol  into  ether  and  water,  by  some  unexplained 


♦  If  sulphuric  acid  he  dibaaic  as  Gerhardt  a9j?ame«,  and  aa  tlie  process 
of  reacnTih  appt-ara  to  provu,  its  formula  will  require  to  be  doubled,  so  that  it 

may  be  written  ^  |  O3,  SjO,;  or  2  HO,  Sfi^, 


nmnrr  of  crsKaiPiCASioN. 


actkm^  to  wludi  tbe  tenm  eonted-ftcdon  and  eittalytic 
hcen  j^pplied.    (859  rl  jfy.)       Hitscberiicfa    even    eonsidc 

of  nilpiietltjlie  acid  aa  an  accidental  eurenmstanoe 
villi  llie  Ibnnatioii  of  etber.     The  followiug  is  oocJ 
Ua  axperiaiaita : — ^A  mixtttre  of  sulphuric  acid  and  water  n  as 
pared  cif  smA  a  atren^  tkii  it  boiled  at  290*"  (sp.  ^,    I'S^),  md 
the  Tapour  of  aloolMil  healed    to   212^  ims   transmitted  intn  it 
whilst  the  add  wm  kept  at  the  boiling  point.      After  the  alcohol 
▼aponrs    had   been  timiisiiiitted  for  a  short    interralj   ether  and 
water  hegao  to  ootlect  in  the  receirer,  and  oontiniied  to  do  k>  w 
long  as   the  ctnrent  of  Tapour  was  kept  up,    four- fifths   of  th« 
alcohol   underipiing  decoMpoaition^  about  ooe-filth    only  pasedng 
oror  ttnchai^edy  and  then  portion  probably  escaped  siroplT  becaa^H 
ftom  the  lapidtly  of  the  current  of  rapour,  it  did  not  come  oo^Q 
pleidy  into  conlarl  with  tbe  add.     Now,  it  is  obvioua,  from  tbe    ' 
evolution  of  latent  heat  wkidi  accompanies  the  csondcn 
rapoor,  that  the  points  in  which  the  alcohol  vapour  w^ere  * 
br  the  acid  must  hare  been  considerably  above  290**;    but  as  si 
ethylic  acid  is  deeom]X>sed  below  this  temperature,  MitscherJ 
ai^es  that  it  is  impossible,  that  under  these  eircumstancea  any 
this  acid  could  haie  been  formed,  and  subsequently  decona 
If  the    dilution   of  the  acid  were  less  considerable  (sp,  gr.  i'6 
and  only  sufficient  to  reduce  the  boiHng  point  to   325**  or  ^^1 
the  alcohol  vapour  when  transmitted  through  the  boiling   liq 
was  eonrerted  into  olefiant  gas  and  water  (399J ;    (C^H^O,  11 
becoming  C^H^  -f  2  HO ;  scarcely  any  ether  being  evolverl  duriuj 
the  reactiouj  and  no  deposit  of  carbon  occurring. 

Graham  has  also  made  some  experiments  which   throw 
siderable   doubt    upon    the    necessity   of   the    successive    foi 
tion    and  decomposition  of  sulphct hylic  acid  in  the  preparati 
of  ether   (Quart,  Journ,    Chem,    Sot,   iii.  24).      In    these   cxpei 
ments,  mixtures  of  alcohol  and  sulphuric  acid,  in  different 
portions,   were   enclosed  in  scaled   tubes,  and   subjected    for   an 
hour  to  a  temperature  ranging  from  284"  to  352°.      It  was  fo 
that  when  1  volume  of  oil  of  vitriol  was  added  slowly  to  4  voltnn 
of  alcohol  (sp.  gr.  0.841),  then  sealed  up  and  heated,  the  liq 
separated  into  two  layers;  the  upper  one  occupied  one-tliird 
the  bulk  of  t)»e  whole  liquid,  and  was  nearly  pure  ether;  the  lowi 
contaiiu'd  a   mixture  of  water,  alcohol,  and    sulphuric  acid, 
scarcely  any  MulplH-tliylic  acid;   t!ie  lower  stratum  of  the   liquij 
had  a  slight   yellow   im\i,v,  but  the  upper  layer   was  colourl 
When  8   meriHyre«  of  ult'nlinl    were  mixed   with    1   of   acid, 
proportitju  ui  ether  which  lltmtcd   was  stiU  equal  to  one-third 
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the  bulk  of  the  entire  liquid.  On  the  other  hand,  when  the  forma- 
tion of  sulphethylic  at-id  was  favoured  by  refluciog  the  proportion 
of  alcohol,  the  production  of  ether  became  iusig^iiiJicant,  Thus, 
when  the  quantity  of  alcohol  only  amounted  to  twice  the  bulk  of  the 
acid,  the  liquid  assumed  an  earthy  brown  colour  after  heatinj^,  and 
only  a  film  of  ether  separated  on  standing ;  and  when  equal 
volumes  of  acid  and  alcohol  were  used^  a  black,  opaque,  gummy 
liquid  was  formed  without  any  perceptible  stratum  of  ether. 

Wtieu  glacial  phosphoric  acid,  and  when  hiphosphate  of  soda 
were  subistituted  for  sulphuric  acid,  no  ether  was  formed  even 
thou«;h  tlie  mixtiu^e  was  heated  to  36o^  Chloride  of  zinc,  under 
similar  circumstances,  produced  only  traces  of  ether.  But  when 
crystrdlized  bisulpbate  of  soda  containing  a  slight  excess  of  acid 
was  employed,  it  was  found  to  etherize  twice  its  bulk  of  alcohol 
as  eflectually  as  free  sulphuric  acid* 

A  still  more  striking  experiment  w^as  made  by  taking  a  portion 
of  the  ordinary  ether  mixture,  viz.,  too  parts  of  oil  of  vitriol,  48  of 
alcohol  (sp.  gr.  0*841),  and  i8'5  of  water,  placing  it  in  a  sealed 
tube,  and  heating  for  an  hour  to  290''.  Sulphethylic  acid  was  pro- 
duced, but  no  etlier  was  formed.  It  was  theu  divided  into  two 
portions,  to  one  of  which  half  its  bulk  of  alcohol  was  added,  to  tlic 
other,  half  its  bulk  of  water ;  the  two  were  scaled  up  in  separate 
tubes  and  again  heated.  No  ether  was  foi*med  in  the  tube  to  which 
water  wa^*  added,  while  in  the  other,  the  formation  of  ether  was 
considerable.  The  sulphethylic  acid  was  incapable  of  yielding 
ether  even  when  treated  with  watery  but  it  could  etherize  alcohol 
added  to  it,  just  as  bisulpbate  of  soda  had  done, 

Variona  salts  are  capable  of  etherifying  alcohol,  if  heated 
strongly  with  it  under  pressure.  M.  Reynoso  states^  that  the  several 
crystallized  neutral  sulphates,  isomorphous  with  sidphate  of  mag- 
nesia, when  sealed  up  vv  ith  alcohol  in  tubes  and  heated  to  464^,  effect 
a  partiid  etherification  of  the  alcohol :  whilst  the  sulphates  them- 
selves, with  the  exception  of  those  of  nickel  and  copper,  experience 
no  change  beyond  the  loss  of  tlicir  water  of  crystallization.  Both 
iodide  and  bromide  of  cadmium,  and  the  chlorides  of  oobaltj  cad- 
mium, manganese,  and  copper,  under  similar  circumstances  effect 
the  etherification  of  alcohol,  but  undergo  no  change  themselves. 
With  protochlorides  of  tin  and  of  copper,  the  production  of  ether 
is  sufficient  to  furnish  a  considerable  stratum  of  ether,  hut  a 
certain  amount  of  permanent  gas  is  also  formed.  Chloride  of 
mercury  blackens  the  alcohol,  ether  is  formed,  and  much  gas  is 
liberated.    Chlorides  of  ziiic  and  ammonium  effect  a  simikr  change ; 
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the  eliloridcs  of  aluminum,  antimou5%   and    pcrchloride  <: 
jield  a  mixture  of  cthcr  and  hydrochloric  ether* 

It  is  Db\ious  that  these  bodies  act  in  some  loatiner 
uucx plained,  upon  the  aleohnl,  in  consequence  of  which  the  latter 
beeouicja  more  or  le^ss  completely  resolved  into  ether  and  water. 
This  effect  cannot  be  pixiduced  by  the  mere  action  of  heat  alone; 
and  it  must  Ix*  admitted,  that  the  theory  of  etherificatioD  is  still 
incomplete  notwithstanding  the  numerous  researches  of  which 
has  been  the  subject. 

The  oxygen  in  ordinary  ether  maybe  displaced  by  other bodio 
analogous  to  it,  such  as  sulphur,  selenium,  and  tellurium,  as  wtU 
as  by  chlorine,  bromine,  and  iodine.  The  compounds  thus  formd 
are  sometimes  described  under  the  names  of  bydrosiJphuric^ 
hydrochloric,  hydrobromie,  and  hydriodie  ethers, 

(991)  The  following  table  exhibits  the  composition  of  a  few  of 
the  principal  cornpontHl  ethylic  ethers.  It  would  be  uselew  to 
attempt  to  enumerate  them  all,  since  every  acid  forais  at  least  one 
ether,  and  some,  such  as  the  silicic  and  boracic,  furnish  more  tlian 
one  r — 


fl 


* 

BoUJftrFoint 

SpeciJle  Gr^rity,        j 

' 

n 

Liqtiid. 

1       rmp^mi.    1 

Ethyl.    .     .    . 

=  (<^\11J 

i 

Oxide      .     .     . 

c\H,o,  c;h,o 

94*8 

Q7365* 

^'$^    1 

Suljihklo       .     , 

t\HA  <-\H,S 

163-4 

o»25 

3*1        1 

Hii^ulphiclo  ♦     . 

C,H,S    C,H,S, 

304  "0       1 

vo 

4*37 

Chioride ,     .     , 

C\B,Cl 

5 1  "9 

0921* 

2219 

Bromide .     .     . 

CJT.Br 

105*8 

1*4733* 

37S4 

Iodide     ,     .     , 

C,13,l 

1796 

i'9755* 

5*475 

Cyanide  .     .     , 

C\H,.  aN 

0787 

Sulphate      .     . 

2  C,H,0.  S,0, 

V120 

Sulphite  .     .     . 

2  C,HA  slo, 
C,H,O.NO, 

330 

rio63« 

4-7S 

Kitrate    .     ,     . 

185 

I'II2 

Nitrite     ,     .     . 

C,H,0.  NO- 

62 

0947 

2-627 

PhoBphttto    .     . 

3  c,H,o.  pa 

2  C  JI5O,  CJO. 
3C,FJ,0,B0, 

214 

Carboaate    .     . 

257 

0-965 

4*09 

Borate     .     ,     . 

246 

o'8849« 

5*3» 

BiBilicftte     .    . 

a  (2  C  JI.O.  SiO,) 
C,H,0.  SiOL 

c^HjO,  ano. 

330 

0933 

733 

SUicate    .     ,     . 

608 

I  079 

Formiato     .     , 

127-7 

0*9357* 

^'573 

AceUtiJ  .     ,     . 

c,H,o.  c;h  A 

160 

0*9069* 

3067 

Batyrate      .     . 

C,H,0,  C\jtA 
C,H,0,  C>(5 

238^8 

0904 1* 

4*04 

Valerate .     •     . 

272*3 

0894 

455^ 

Cyanate  .     .     . 

T40 

0*8981 

^■475     1 

Cyanunite   .    * 

3  C,H,0.  c,N.q, 

539 

74          1 

Benzoate     .    « 

40«-2 

>*053 

5*407   J 

Oxalate  .     ,     , 

2  C,H,0,  C,0, 

3^'3'^ 

I  0229 

%^i 

Succinate     .     . 

2C,HAC,HA 

4190 

*  The  numbers  indicaiiug  the  A]^eQiBo  uravitTi  to  which  aa  aaleriak  m_ 
affixed,  were  taken  at  32°  JT. 


1G3 


(A)  Hydracid  EthyHc  Ethers. 

(992)  Hydrochloric  Ether  ;  Chloride  of  Ethyl  (C^H^Cl),  Sp.  p-. 

of  vapour  2*319,  of  liquid  Vii  yi^^o'gii, — Tliis  compound  is  nbtaiiicd 
etisily  by  diatilliiig  a  mixture  of  3  parts  of  oil  of  vitriol,  2  of 
alcohol;  and  four  of  fused  chloride  of  sodiutn ;  the  retort  is  con- 
nected with  a  tubuhited  receiver  siinroundcd  by  water  of  a  tem- 
perature of  about  70^,  where  most  of  the  alcohol  and  water  which 
pass  over  during  the  operation  are  coiHieiised,  while  the  ether 
escajies  in  tlie  form  of  vapour  throu^li  a  bent  tube  inserted  into 
the  tubulure  of  the  receiver,  and  passing  to  tlie  bottom  of  a  tiask 
kept  cool  with  ice.  The  liquid  which  is  thus  eoudensed  must  be 
rectified  from  chloride  of  calcium.  It  then  presents  itself  as  a 
colourless  liquid,  of  a  pcnetratiug,  ethereal,  and  somewhat  allia- 
ceous odour.  It  boils  at  5i^'9  ;  is  slightly  soluble  in  water,  and 
burns  with  a  brilliant  flame  edged  with  ^reen,  emitting  fumes  of 
hydrochloric  acid.  If  passed  tlirough  red-hot  tubes,  it  is  decora- 
posed  into  equal  measures  of  hydrochloric  acid  and  olefiant  gas; 
Q^\i^  +  IICL  It  is  sparingly  soluble  in  water,  but  is  freely  dis- 
solved by  alcohoh  These  solutions  give  no  precipitate  with  nitrate 
of  silver.  If  an  alcoholic  solution  of  potash  Iks  encloHed  in  a 
sealed  tube  witli  hydrochloric  ether  and  heated  to  212"^,  chloride 
of  jjotassium  and  ordinary  ether  are  formed  j  C^Ii^^Cl  -f-  KO  = 
C4II3O  -h  KCl :  but  if  the  vapour  of  the  ether  be  passed  over 
heated  hydrate  of  potasli,  water  and  pure  olefiant  gas  are  evolved ; 
CJI.Cl  V  KO,  110  =  CJI4  +  2  no  +  KCl. 

(993)  Hydrohromic  Ether  :  Bromide  of  Ethyl  (CJIuBr),  Sp,  yr, 
ofUqmd  I '4 733  at  32°,  o/tv//j<?«r  37^54- — This  compound  is  usually 
prepared  by  adding  by  degrees  7  or  8  parts  of  bromine  tu  40  parts  of 
alcohol  {sp.  gr.  0*827)  and  i  part  of  phosphorus,  contained  in  a 
retort :  the  reaction  of  bromine  and  phosphorus  upon  each  other 
in  the  presence  of  the  water  contained  in  the  alcohol  produces 
hydrohromic  acid  and  phosphorous  acid ;  and  on  subjecting 
the  mixture  to  distillation,  hydrohromic  ether  comes  over.  It 
may  be  purified  by  agitation  with  a  weak  sohition  of  potash, 
after  which  it  is  left  to  subside ;  it  is  then  decanted  and  redis- 
tilled. 

Bromide  of  ethyl  is  a  colourless  liquid  of  a  peculiar  ethereal 
odour  and  taste.  It  boils  at  105°'8,  thongh  it  requires  to  be 
heated  to  120°  before  ebullition  commences.  It  remains  liquid  at 
—24°.  It  bm-ns  with  difficulty,  producing  a  green  flame  and 
emitting  fumes  of  hydrohromic  acid. 


(994)  Hydnodic  Ether :  Iodide  of  Eih^I  (C^H^l),  Sp.^.ofKquid 
at  32%  r9755»  ^/'-'^'^^wr  5*475  ■ — ^^  order  to  prepare  this  ethei^ 
ICO  parts  of  alcohol  are  placed  iii  a  retort,  and  a  smaU  amount  o^ 
iodine  is  introduced ;  phosphorus  is  added  in  small  quantities  at  i 
time  until  the  liquid  heconies  colourless ;  a  fresh  portion  of  iodine 
is  then  added^  and  then  a  fresh  quantity  of  phosphorus  ;   tins  majr 
he  continued  tmtll   alxiut   60  parts  of  iodine    and   20   parts 
phosphorus  have  lieen  added.     The  mixtiu^  thus  obtained  is 
cautiously  distilled,  taking  care   that  the  iodine  (as  shown  by  it 
bi'owu  colour)  is  in  slight  excess.    The  iodide  of  phosphorus,  whicii] 
is  formetl  during  this  oj>eration,  is  decomposed   into  phosphorotu 
and   hydriodic  acids,  and  the  latter,  reacting  upon   the  alcoli 
liberates  hvdriodic  ether  and  water — 

C^HA  HO  +  HI  =  CJI.T  +  2  HO. 

Iodide  of  ethyl  is  a  colourl^s  liquid,  which,  if  kept  in 
eloaed  bottles,  soon  imdergoes  a  partial  decomtx)sition,  and  become 
brown  from  the  liberation  of  iodine.      It  lx»ils  at  i58''*5.      Whe 
heated  with  water   to   300^,  in  a  sealed   tube,  it  becomes  decom«l 
posed     into    ordinary    ether    and    hydriodic    acid     (Franklaud)  'A 
according  to  Hofmann,  if  boiled  with  water  and  oxide  of  silreTjl 
alcohol  and  iodide  of  silver  arc  produced  j— 

CJUl  +  AgO  +  HO  =  C,H,0,  HO  -h  Agl; 

and  Wurtz  finds  that  when  the  anhydrous  iodide  is  heated  in  a 
sealed  tube  with  oxide  of  siher,  iodide  of  silver  and  ordinary  ether 
arc  formed  with  fticility. 

Both  the  bromide  and  the  iodide  of  ethyl  have  been  exten- 
sively employed  for  the  preparation  of  substitution  compounds 
containing  ethyl  ;  aiul  it  was  by  decomposing  iodide  of  ethyl  in 
a  sealed  tube  by  means  of  zinc  that  Frankland  succeeded  in 
isolating  the  hydrocarton,  which  he  regards  as  cthyh 

(995)  Sulphides  of  Ethyl. — Alcohol  furnishes  not  less  thaa 
three  remarkable  com]>ounds  wbicli  contain  sulphur.  One  of  these 
(C1II5S,  C^H^S)  corresponds  in  cora|K>sition  to  the  oxide,  or  ordi- 
nary ether  ;  the  second  is  the  bisttlphidv  of  ethyl  (C4H5S3,  C^H^Sj) — 
no  oxidized  representative  of  tliis  Ijody  is  known  ;  and  the  third  ia 
nwrcaptan  (CjMqS,  HS),  a  eomi>ound  which  corresponds  with 
alcohol  in  which  the  oxygen  is  displaced  by  sulphur.  All  these! 
bodies  are  distini^uished  by  a  dii^gusting  alliaceous  odour  which  is 
extremely  powcrl'ul  and  pursistent. 

Bydromlphuric  Ether :   Sulphide  of  Ethyl  (C^U^S,  C^U^S), 
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Sp.  ffr.  of  liquid  o'Si^,  of  vapour  yi. — This  compound  is  easily 
prepared  by  decomposing  an  alcoholic  solution  of  protosulphide  of 
potassium  (469)^  by  transmitting  into  it  the  vapour  of  chloride  of 
etliyl  and  submitting  it  to  distillation  :  the  distilled  liquid  is  to  be 
well  washed  with  water  and  rectified  from  chloride  of  calcium.  It 
is  a  colourless  liquid  of  an  intensely  powerful  odour  of  garlic.  It 
boils  at  i63°'4,  and  forms  crystalline  compounds  with  some  of 
the  metallic  chlorides;  its  compound  with  corrosive  sublimate 
contains  (C4H5S,  HgCl). 

Bisulphide  of  ethyl  (C^HjSj,  C4H5S3)  boils  at  303^*8,  emitting 
a  vapour  of  sp.  gr.  4*27.  It  is  obtained  by  distilling  3  parts  of 
sulphethylate  of  potash  dissolved  in  its  own  weight  of  water  with 
2  parts  of  pentasulphide  of  potassium.  The  alcoholic  solution 
of  this  compound  gives  a  yellow  precipitate  with  acetate  of  lead, 
and  a  white  with  corrosive  sublimate.  There  appears  ground  for 
supposing  that  higher  sulphides  of  ethyl  may  be  obtained. 

Mercaptan  (C4H5S,HS),S/?.^r.  o/Zi^Mtrf  0*835,  of  vapour  2*14. 
— This  compound  may  be  obtained  by  distilling  a  mixture  of  equal 
parts  of  an  aqueous  solution  of  sulphethylate  of  lime,  of  sp.  gr. 
1*28,  and  of  a  solution  of  potash  of  the  same  density,  previously 
saturated  by  sulphuretted  hydrogen : — 

Sulphethylate  of  PoUsh.        Hydrosulph.  Potass.  Mercaptan.  Sulph.  Potash. 

KoTcjIfiO,  S^Ofl  -f   ks,  IIS  =  CJl7s,irs   -f  2  (KO,  SO3). 

A  better  plan,  according  to  Regnault,  is  to  saturate  an  alcoholic 
solution  of  potash  completely  with  sulphuretted  hydrogen,  and 
then  to  distil  it  with  hydrochloric  ether.  Mercaptan  is  a  colour- 
less, transparent,  very  mobile  liquid,  with  a  most  intense  and 
repulsive  odour  of  garlic ;  it  boils  at  97°,  is  very  inflammable,  and 
burns  with  a  blue  flame.  It  is  sparingly  soluble  in  water,  but  is 
dissolved  freely  by  alcohol  and  ether.  Tlie  solution  is  neutral  to 
test  papers,  but  mercaptan  nevertheless  presents  the  characters  of 
a  feeble  acid.  It  dissolves  sulphur,  phosphorus,  and  iodine,  with 
facility.  Mercaptan  becomes  solid  at  — 8°.  If  a  glass  rod  be  moist- 
ened with  this  compound  and  moved  quickly  through  the  air,  the 
cold  produced  by  the  evaporation  is  sufficient  to  freeze  a  portion 
of  the  remainder.  Mercaptan  forms  with  the  metals  compounds 
which  correspond  to  the  hydrosulphates,  but  they  contain  ethyl 
instead  of  hydrogen,  as  may  be  seen  by  comparing  their  respective 
formulse;  thus — 

Heresptide  of  Potaasiom.  Uydrosulphate  of  Potastiam. 

KS,  (C^H.)  S  J  KS,  (H)  S. 


IVfercaptide  of  potaasinm  is  obtained  by  acting  on  pure  mercap- 
tan  with  ijota&sium,  hydrogen  gas  being  liberated :  but  it  is  moit? 
particularly  on  tlie  oxides  of  the  noble  metals  that  the  action  of 
Biercaptan  is  remarkable-  The  mercaptide  of  mercury  (HgS,  C4H5S) 
is  a  white  crystalline  componnd  destitute  of  odour,  and  fusible  at 
1 85^,  It  is  insoluble  in  water,  but  soluble  in  alcohol :  it  is  easily 
obtained  by  digesting  oxide  of  mercury  in  au  alcohobc  solution  of 
niercaptan,  water  being  formed,  whilst  the  odour  of  mercaptan 
dii<appears  : — 

IIS,  c,H,s  +  iigo  =  HgS,  c,ii,s  +  no. 

The  corresponding  componnd  of  gold  is  white  and  gelatinous  ; 
that  of  platinum  is  bright  yellow,  and  that  of  lead  (PbS,  C^H^S) 
18  yellow  and  crystalline, 

(996)  Selenium  and  tellurium  each  form  compounds  with  ethyl, 
corresponding  to  the  sulphide  of  ethyl ;  they  may  be  obtained 
by  distilliug  seleuide  or  telhiride  of  potassium  with  sulphethylate 
of  potash.  It  is,  however,  to  be  remarked  tliat  both  the  sele- 
nide  and  the  telluride  of  ethyl  combine  with  chlorine,  bromine, 
and  iodine  ;  and  they  become  oxidized,  and  form  salts  with  the 
oxy acids  just  as  though  they  were  metallic  bodies.  In  fact, 
they  present  many  chemical  analogies  with  the  compounds  which 
arsenic,  antimony,   bismuth,  and    other   metals  form   with  ethyl 

A  compound  of  selenide  of  ethyl  and  sclcniurctted  hydrogen 
(SeH,  C^IIgSe),  corresponding  in  compositiou  and  properties  to 
mercaptan,  is  formed  during  the  operation  of  preparing  the  selenide 
of  ethyl. 

(997)  Cyanide  of  Eihyl :  Hfjdrocyimic  Ether:  PropionitrUe 
(C^HgCy  =  CeHgN),  Sp,  gr.  of  liquid  o-yS'j.— This  componnd  is 
obtained  in  a  manner  analogous  to  tlie  foregoing,  by  the  distilla- 
tion of  sulphetliylate  of  potash  with  cyanide  of  potassium.  It  is  a 
colourless,  very  poisonous  liquid,  of  an  alliaceous  odour.  It  boils 
at  iji/'6,  and  emits  an  inilammablc  vapour,  When  cyanide  of 
ethyl  is  treated  with  a  boiling  solution  of  potash,  the  elements  of 
water  are  assimilated,  ammonia  is  evolved,  and  propionate  of  potash 
is  formed : — 

Cj&n  i  J  I*  of  EUijl.  Propfonikie  of  FotMli , 

C^Hfi,  C^N  -f  KO,  HO  +  2  110  =  KO,  C~U^^  -f  H3N. 

A  similar  mode  of  decomposition  is  observetl  to  occur  wdth  all 
the  hydrocyanic  ethers  when  treated  witli  hydrate  of  potash ; 
they  all  combine  with  the  elements  of  water  and  yield  one  of  the 
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acids  homologous  with  formic  acid ;  cyanide  of  methyl  thus  yields 
acetate  of  potash  : — 

Cjuide  of  MetbyL  Ac«tat«  of  PoUah. 

C2H3,  CaN  +  KO,  HO  f  2  HO  =  (KO,  C^HjOs)  +  H,N; 
and  cyanide  of  amyl  in  like  manner  furnishes  caproate  of  potash ; 

Cyanide  of  Amyl.  C»proat«  of  Potash. 


CioHii,  CaN  +  KO,  HO  +  a  HO  =  KO,  CiaHuOs  +  HjN. 

The  hydrocyanic  ethers  (the  nitriles  of  some  chemists),  as  a 
class,  may  also  be  obtained  by  a  process  of  dehydration,  from  tlie 
acids  to  which  they  correspond ;  that  is  to  say,  if  the  ammoniacal 
salts  of  the  acids  homologous  with  the  formic,  be  distilled  with 
anhydrous  phosphoric  acid,  or  be  otherwise  treated  in  sucli  a  manner 
as  to  deprive  them  of  4  equivalents  of  water,  they  yield  one  of  the 
hydrocyanic  ethers,  thus : — 

Formiate  of  Ammonia,  Hydrooymnio  Acid. 

H,NO.  C5H  O3  -  4  HO  =   ^I,  C,N^   =  (C,n  N,  Formio-nitrile.) 

Acetate  of  Amra«:>ni».  Cyanide  of  Methyl. 

H^NO,  C.HjO^  -  4  HO  =  cjlj,  C5N   =   (C.HjN,  Acetonitrile.) 

Propionate  of  Ammonia.  Cyanide  of  Ethyl. 

/ ^ N  . ' V 

H^NO,  CeHjO,  —   4HO   =   C4H5.  CjN   =   (CelljN,  Propionitrile.) 
and  in  this  manner  the   hydrocyanic  ethers  of  several  series  of 
alcohols  have  been  obtained,  although  the  corresponding  alcohols 
are  at  present  unknown  (1046,  1055). 

The  action  of  potassium  upon  liydrocyanic  ether  is  remarkable. 
If  the  ether  be  allowed  to  fall  drop  by  drop  upon  potassium  con- 
tained in  a  flask  fitted  to  a  vertical  condenser,  by  means  of  which 
any  part  of  the  ether  which  escapes  decomposition  is  allowed  to  fall 
back  upon  the  potassium,  hydride  of  ethyl  (C4H5H)  is  formed, 
whilst  cyanide  of  potassium  is  produced,  and  an  alkaline  base 
termed  cyanethine  (C13H15N3)  remains  in  the  retort  (Frankland 
and  Kolbe).  This  substance  is  polymeric  with  hydrocyanic  ether. 
It  crystallizes  from  boiling  water  in  pearly  scales,  and  forms  salts 
with  the  acids.  The  nitrate  (CjaHigNg,  HO,  NO^)  crystallizes  in 
large  colourless  prisms  which  are  neutral  in  their  reactions.  The 
other  hydrocyanic  ethers  when  treated  with  potassium  appear  to 
furnish  compounds  analogous  to  cyanethine. 

(c)    Ethylic  Ethers  of  the  Oxyacids. 

(998)  Sulphate  of  Ethyl,  or  true  Sulphuric  Ether  (2  C4H5O, 
S,Oe),  Sp,  gr.  liquid  i'i20. — This  compound  was  recently,  disco- 
vered by  Wetherill.    It  is  obtained  by  the  direct  combination  of 


SITLIMIURIC    ETHER OIL   OP   WINB- 


■ 


ether  with  sulphuric  anhydride.  The  vapours  of  the  anhrclro»i«  ^a^ 
are  trausniittcd  into  a  flask  containing  ether,  which  is  kept  cool  by 
ice ;  the  syrupy  lii|nid  thus  produced  is  ag^itated  with  its  own 
vohime  of  ether,  and  with  four  times  its  bulk  of  water;  when  kSiiX 
re^t  the  sulphate  of  ethyl  rises  to  the  surface;  it  is  purified  liy 
agitation  with  milk  of  lirac^  washed,  filtered,  and  dried  in  tacm. 
Sulphuric  ether  is  an  oily  liquid,  of  a  burning  taste  ;i  ' 
odour,  rciiemhling  that  of  pej)permint.  It  is  scarcely  poN- 
it  without  occasioning  its  decom|>osition,  as  a  temperature  of  270' 
or  290°  resolves  it  into  alcohol,  sulphurous  acid,  and  olefiant  g»&. 

Sweet  or  heavt/  aU  of  wme  appears  to  be  a  mixture  of  thefo«s 
going  compound  with  some  hydrocarbons  polymeric  with  olefiant 
^^a^ ;  it  is  obtained  during  tlie  later  stagt^  of  the  distillation  of 
ttlier*  If  this  oil  be  treated  with  a  solution  of  potash,  it  U 
decomposed ;  sulphethylate  of  potash,  and  a  hydrocarbon,  termd 
eiheroie  (C^Al-i^?)  rises  to  the  surface.  Tliis  conipound,  linowi 
also  as  lif/ht  oil  of  wme^  is  polymeric  with  olefiant  g^as,  and  fjnm 
a  colourless  liquid  which  has  a  sp.  gr*  of  0*917;  it  boils  at  53^*, 
and  is  readily  soluble  in  ether  and  absolute  alcohol.  Whoil 
exposed  to  a  temperature  of  —  30°,  it  usually  deposits  semitnmi^ 
parent,  friable,  colourless  prisms  of  an  isomeric  hydrocarboa 
named  eMerin  ;  these  fuse  at  230°,  and  1>oil  at  500^;  they  are 
lij^^htcr  than  water,  in  which  they  are  insoluble,  but  are  dissolred 
freely  by  alcohol  and  ether. 

(999)  Nitric  Ether  (C^HA  NO5),  %  ^n  of  liquid  i'i\2.— 
Millon  obtains  this  substance  by  gently  beating  a  mixture  of  I 
volume  of  nitric  acid,  of  sp.  gr.  1*40  (to  which  a  few  grains  of  nitrate 
of  urea  have  been  added  to  prevent  the  formation  of  nitrous  acid), 
and  2  volumes  of  alcohol,  of  sp.  gr,  0*842  ;  under  these  eircum- 
stances  the  operation  proceeds  quietly.  The  first  portions  of  tlic 
distillate  contain  little  except  alcohol,  but  as  soon  as  the  liquid 
which  distils  over  becomes  turbid  on  the  addition  of  water,  the 
receiver  must  be  changed  and  the  nitric  ether  collected  separately : 
the  distillation  must  not  be  carried  too  far,  otherwise  it  becomes 
mixed  with  secondary  products,  which  are  i*e moved  with  ditfieulty* 
The  ether  is  purified  by  agitation  with  a  weak  solution  of  alkali, 
and  rectified  from  chloride  of  calcium.  Kitric  ether  is  a  colour- 
less liquid  of  an  agreeable  odour,  and  a  taste  at  first  very  sweet, 
but  followed  by  a  bitterish  idler  taste.  The  boiling  point  of  this 
ether  is  185''.  Its  vapour  buriis  with  a  white  luminous  flame,  and 
if  heated  a  little  beyond  its  boiling  point,  it  is  decomposed  witJi 
explosion. 
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Nitrotts  Efher  (C^H^O,  NO^),  Sp.  ffr.  of  liquid  o*g^y,  of  t*apour 
2*627. — ^Tliis  ether  has  long  been  used  in  solution  in  alcohol  as  a 
therapeutic  agent,  which  forms  the  Spirit  us  Ethi-ris  Niirosi  of  the 
Londou  Pharmacopceia.  The  safest  methml  of  preparing  it  con- 
sists in  introducing  into  a  retort  containing  copper  filings^  1  mea- 
sure of  alcohol  (sp,  gr.  083),  to  which  i  mca^^ure  of  nitric  acid  of 
»p.  gr.  v^6  is  gradually  added.  The  reaction  of  uitric  acid  upon 
alcohol  begins  at  a  very  moderate  heat,  and  is  apt  to  become 
extremely  violent,  therefore  no  external  heat  should  be  ap|ilied 
during  the  distillation,  after  the  reaction  has  once  commeticcd. 
The  vapours  which  arc  evolved  should  be  transmitted  through  a 
wasliing  bottle  containing  water,  then  through  a  long  bent  tube 
filled  with  chloride  of  calcium,  and  fiually  should  be  condensed  in 
a  tlask  cooled  by  ice.  Nitrous  ether  is  of  a  pale  yellow  colour, 
and  an  agreeable  odour  of  apples.  It  boils  at  6j*'"5  (Liebig), 
"When  this  ether  is  kept  in  contact  with  water,  it  speedily  becomes 
acid,  and  it  is  remai'kable  that  the  acid  which  is  fanned  is  the, 
mtdic  (Berzehus).  A  sohitiou  of  the  protomdphatc  of  iron 
becomes  blackened  when  mixed  with  nitrous  ethen 

Nitrous  ether  is  decomposed  by  transmitting  its  vapour  through 
a  red*hot  tube,  giving  rise  to  a  variety  of  products,  among  which 
are  bydrocyanate  and  carbonate  of  ammonia,  derived  iVoiu  the 
reactions  of  tlie  nitrogen  U[K>n  the  carbon  and  hydrogen. 

(1000)  Perchloric  Ether  (QHjjO,  CIO-), — This  singular  com- 
pound camiot  l>e  prepared  Mithout  considerable  danger,  as  it 
explodes  with  extraordinary  violence  when  heated  a  little  beyond 
212^,  and  a  t^imilar  result  is  produced  by  friction  or  by  a  sudden 
blow.  In  order  to  obtain  it,  a  few  grains  of  crystallized  sulph- 
ethylate  of  baryta  are  placed  in  a  tube  retort  with  an  equal  weight 
of  perchlorate  of  baryta,  and  are  cautiously  distilled  by  the  heat  of 
an  oil  bath*  The  ether  is  lieavier  than  water,  ajid  has  a  sweetish 
pmigent  taste,  somewhat  resendjling  that  of  cinnamon.  Its  boiling 
point  is  not  known  with  accuracy,  but  it  is  above  212^,  The 
explosive  character  of  the  compound  deiwuda  upon  the  large  pro- 
portion of  oxygen  which  it  contains  in  union  with  chlorine,  for 
w  hich  the  affinity  of  oxygen  is  very  small,  whikt  hydrogen  has  a 
I>owerful  affinity  for  both  chlorine  and  oxygen  ;  the  oxygen  is 
sufficient  to  convert  the  carlx)n  into  the  form  of  carbonic  oxidcj 
aud  the  hydrogen  into  water,  CtH,.0,  0107=^4  CO  +4  1IO  +  ItCl. 

(1001)  Silicic  Etuehs. — Few  of  the  ethers  are  more  remark- 
able than  those  obtained  by  Ebelmen  with  silicic  acid.  In  these 
compounds  the  polybaaic  character  of  the  acid  is  preserved. 
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DhUicaie  ofEihyl  [2(a  C^H^O^SiOj)],  Sp,  ffr.  of  liquid  og^^,  \ 
vapour  7 '3 2. — When  absolute  alcohol  is  gradually  added  to  chloride 
of  silicon,  a  powerful  reaction  occurs ;  hydrochloric  acid  is  evolTC 
in  abuudaneCj  and  a  colourless  liquid  is  obtained,  which  wheu  suh 
mitted  to  distillation  at  first  evolves  hydrochloric  acid,  but  tl 
boiling  point  rises  rapidly  until  it  reaches  330,*^  at  which  temper 
ture  pure  silicic  ether  distils  over.  It  is  a  limpid  liquid,  of  a] 
pleasant  ethereal  odour,  and  a  hot  taste  resembling  that 
pepper.  It  is  combustible,  and  bums  with  a  flame  of  dazzlin| 
whiteness,  depositing  pulverulent  silica.  The  composition  of  thi^ 
body  is  remarkable,  4  volumes  of  vapour  being  produced  from  tb 
compound,  Cj^5ll2oSi20Q»  This  ether  is  not  miscible  with  water 
but  is  decomi>oscd  by  it  with  the  separation  of  gelatinou 
hydrate  of  silica,  II  this  decomposition  be  allowed  to  ta 
place  slowly,  by  placing  an  imperfectly  closed  vessel  containiu] 
the  other  in  a  moist  atmosphere,  the  silica  is  gradually  deiK>sitc 
in  the  form  of  a  hard  transivarent  soUd,  resembling  quartz  in 
appearance. 

Siiidc  Ether  (CjIl.O,  SiO^),— A  second  ether  containing  only 
half  the  quantity  of  oxide  of  ethyl  that  is  present  in  the  foregoinj 
may  be  procured  by  acting  upon  alcohol  of  sp.  gr,  0*838,  wit! 
chloride  of  silicon,  and  distilling;  the  dimlicatc  is  formed  at  tlii 
same  time,  and  the  first  portions  of  the  distillate  consist  entirely 
of  this  compound ;  but  by  decrees  the  boiling  point  become 
higher,  and  when  it  reaches  660*^,  the  pui-e  monosilicate  pa 
over.  The  disilicntc  of  ethyl  is  in  fact  transformed  into  the  mono 
basic  silicate  by  the  action  of  tlie  water  present  in  the  ddut 
alcohol ;  water  occasioning  the  decomposition  of  the  disilicate  into 
the  monosilicate,  whilst  alcohol  is  set  free — 

PiflilieA(«  of  EihrL  Monosilieate  of  EthrK  AlooboU 

/ ^ — -^  , — ;        , * . 

2  c^HA  SiOj  +  no  =  cjiA  siOj  +  c^h^o,  ho. 

If  more  water  be  added,  a  viscous  comjvound  is  obtainedi  whicl 
according  to  Ebelmen,  contains  a  third  ether,  with  tivice  as  muc 
silicic  acid  as  the  foregoing  one. 

Terchloride  of  boron  yields  witli  anhydrous  alcohol  a  tribas 
bortwic  ether  (3  C^H^O,  BO.^),  which  is  immediately  decompos 
by  water.  It  luis  a  sp.  ^v.  of  0*8849  >  ^^^  ^^  boils  at  246°.  Boracic 
acid  is  readily  soluble  in  auliydrous  alcohol  with  evolution  of  heat j 
Ebelmen  considers  that  uuder  these  ci re um .stances  a  second  ether  i 
formed,  wliieh  when  pure  is  solid  at  ordinarj^  temperatures, 
aufL^ns  at  about  loo";  and  can  be  drawn  out  into  long  thrcn 
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ts  composition  is  not  certainly  knowm,  but  it  has  been  represented 
(C4H5O,  2  BO3),  analogous  to  ordinary  borax, 

(1002)  Fonnic  Ether  (C^H^O,  C^HO/),  *S/y.  t/r,  of  Uquid  0915  at 
64°,  of  vapour  2*573,— This  ether  is  readily  obtained  by  distilling  7 
parta  of  dry  formiatc  of  aoda  with  10  of  oil  of  vitriol,  and  9  of 
alcohol  of  sp.  gr,  o'825»  Wohler  prepares  it  from  a  mixture  of  10 
parts  of  starch,  with  37  of  liuely  iJOwdiTed  bino\ide  of  manganese, 
and  15  parts  of  alcohol,  15  of  water,  and  30  of  oil  of  vitriol :  the 
whole  is  distilled  l*y  a  gentle  heat  in  a  c^ipacions  retort.  The 
formic  acid  generated  by  the  oxidation  of  the  starch,  reacts  upon 
the  alcohol  at  the  moment  of  its  formation.  Formic  ether  does 
not  mix  with  the  water  which  accompanies  it ;  and  is  purified  by 
washing  with  water,  and  rectification  from  chloride  of  calcium. 
Formic  ether  is  also  a  secondary  product  of  tlie  reaction  of  nitric 
acid  upon  alcohoL  When  pure  it  has  an  agreeable  odour  and 
t&ste,  recalling  that  of  peach  kernels.  It  is  colourless,  and  lioils 
at  i27°'7.  In  contact  with  water  it  becomes  readily  resolved  into 
formic  acid  and  alcohol. 

(1003)  Acetic  Ether  (CjH^O,  CJiA),  Bp.  gr,  of  Uquid  0-89, 
of  vapour  3'o6. — Acetic  acid,  if  repeatedly  dtstUled  with  alcohol, 
gives  rise  to  the  formation  of  acetic  etlier,  but  the  effect  is  much 
hastened  by  the  addition  of  sulpliuric  acid  to  the  liquid.  A  mix- 
ture of  6  parts  of  alcohol,  4  of  acetic  acid,  and  1  part  of  oil  of 
vitriol,  yields  the  ether  with  facihty.  When  a  volume  of  liquid 
equal  to  that  of  the  alcohol  employed,  has  come  over,  the  process 
h  stopped ;  the  distillate  is  washed  twice  with  its  own  bulk  of 
water,  ami  rectified  from  chloride  of  calcium.  AcetJite  of  soda  or 
acetate  of  lead  may  be  substituted  for  acetic  acid  in  the  foregoing 
process^  but  then  a  larger  quantity  of  oil  of  %itriol  is  needed.  If 
6  parts  of  alcohol  be  employed,  xoo  of  acetate  of  soda  and  1^^  of 
oil  of  vitriol  may  be  used ;  or  ^4  parts  of  acetate  of  lead  (dried), 
and  9  of  oil  of  vitriol 

Acetic  etlier  has  an  agreeable  odour,  remotely  resembling  that 
of  apples,  and  a  burning  taste ;  a  small  quantity  of  it  ap^x^ara  to 
be  contained  in  several  varieties  of  wine.  Water  dissolves  about 
one-seventh  of  its  bulk  of  it.  Acetic  etlicr  is  a  good  solvent  for 
the  essentiid  oils,  for  the  resins,  and  for  pyroxylin.  It  l>oils  at 
iS^''^  A  mixture  of  this  ether  with  an  alcoholic  solution  of  hydrate 
of  potash,  is  immediately  decomposed  into  acetate  of  jxitash  and 
alcohol.  Acetic  ether  dissolves  chloride  of  calcium  ixmdily,  and 
forms  with  it  a  crystallizable  compound,  which  yields  the  ether 
unchanged  on  the  application  of  heat. 


I 


I 


(1004)  (Emitit/tic  Ether  (CJlfi,  C, JIi^O.?), 

0*862,  of  vapour  10*477 l^elffs  regards  tliis  body  as  pelargouic 

ether,  0^11^,0,  CiJI^-O^,  and  iheaonlyi*esof  Liebig  and  PelouzeardH 
not  inconsistent  with  this  view.      This  ether  is  a  fra^aat   liqui^H 
of  a  stupifyingr^  extremely  powerfid  odour,  which  is  the  cause  of 
the  peculiar  sBiell  that  charaeterizes  gr^pe  ynnej  aud  which  adherei^H 
60  tenaciously  to  vessels  iu  which  wine   has   been  kept,      Wlici^H 
large  quantities  of  wine,  or  the  lees  of  wine,  are  distilled,  this  ether 
passes  over,  mixed  with  fiTcosnanthic  acid,  in  the  form  of  an  oily 
layer ;  the  crude  product  is  gently  heated  with  a  solution  of  car- 
bonate of  goda,  which  removes  the  free  acid,  whilst  the  ether  floats 
as  an  oily  layer  upon  the  surface.      When  pure  it  boils  at   446''^H 
and  emits  a   veiy   dense   and   highly  iufiamnmhle   vapour*      Th^H 
quantity    of    this   ether  appears    to    increase    with    the    age    of 
the     wine.        CEnantliic     (probably    pelargonic)     acid     may    be 
obtained   by  decomposing   the   ether   with   potash,   and  distilling 
the   oenanthate   of   potash    with    sulphuric   acid.      It   is   a   serai 
solid   fat,  which,  according   to  Liebig  and  Pelouzc^  contains  on 
equivalent  of  oxygen  less  than  oenanthytic  acid,  but  this  requ 
confirmation, 

{1005)  OxaUcEiher  (2  CJi^O,  C  A),  ^P  or-  of  liguid  ros 
of  vapour  5*087. — This    is   one  of   the  most   interesting  of    tl 
numerous  ethers  which  are  formed  with  the  organic  acids.      It 
obtained  by  distilling  rapidly  a  mixture  of  4  parts  of  alcohol  (sp 
gr.  o'825),  5  of  oil  of  vitriol,  and  4  of  binoxalate  of  potash,      Thd 
distillate  shonJd  be  washed  with  water,  and  rectified  from  litharg 
to  retain  any  traces  of  free  oxalic  acid.      Oxalic  ether  is  hea^'icf ' 
than  water.      It  is  colourless,  and  has  an  agreeable  ethereal  odour 
and  taste.      It  boils  at  364°.     If  pure  it  may  be  kept   unehang 
in  contact  with  water,  but  if  it  retain  any  acid  it  is  slowly  decon 
posed  into  oxalic  acid  and  alcohol ;  an  excess  of  hydrate  of  potash* 
decomposes  it  into  oxalate  of  potash   and   alcohol   with   rapidity  ; 
but  if  the  quantity  of  potash  be  small,  alcohol  aud  oxalethylate  of 
potash  are  formed  ;  the  reaction  in  the  first  case  being : — 


dour 

Tom^H 

ktashV 


Oxalic  EtJier- 


OxftU4«  i»r  Fotuli. 


Alec^bd. 


and  in  the  second  case : — 

OitAl(ytlijU(«  of  Pot«ab* 


Oxalic  Elh«r. 


AJcyshol, 


4 


aC,HAC,0<,    +     £0,  HO    =    KG,  C,U,0,  C,0,    -h     C,Hp,  HO 

coholic   solution  of  ammonia  is  added  to  oxi 
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ether,  a  somewhat  analogous  decomposition  is  effected,  an 
excess  of  ammonia  giving  rise  to  the  formation  of  oxamide  and 
alcohol : — 

Oxalic  Ether.  Ammonlft.  Oxamide.  Alcohol 


aC,H,0,CA    -f     2(H3N)    =    (3  H^,  CA)    +    a  (C,HO,  H.O) 

This  reaction  furnishes  one  of  the  best  methods  of  procuring 
oxamide.  If  the  ether  be  in  excess  the  decomposition  is  different ; 
alcohol,  and  a  substance  soluble  in  alcohol  but  insoluble  in  water, 
crystallizing  in  beautiful  pearly  tables,  is  formed :  this  body  was 
originally  termed  oxamethane,  but  it  is  now  admitted  to  be  oxamic 
ether,  or  the  ether  of  amidated  oxalic  acid  (HO,  HaNC^Og;  1058):— 

Oxalic  Ether.  Oxamic  Ether.  AloohoL 

rcji.o,  c,o;  +  H,]sr  =  c,H,o,  ii^x.o/  +  c,h,o,  ho 

If  equal  parts  of  oxalcthylatc  of  potash  and  sulphomethylate  of 
this  base  be  thoroughly  dried,  then  mixed  and  submitted  to  distil- 
lation, a  curious  double  ether  {methyl-ethyloxalic  ether,  (C3II3O, 
C4H5O,  C^Oe)  is  obtained.  It  forms  a  yellowish  oil,  heavier  than 
water,  of  sp.  gr.  1*127,  boiling  at  about  330°,  and  emitting  a  vapour 
of  sp.  gr.  4*67. 

(1006)  Carbonic  EtJier  (aCJIgO^C^OJ,  Sjo.^r.  0*965,  of  vapour 
4*09. — This  ether  cannot  be  obtained  by  the  ordinary  mode  of  pre- 
paring these  compounds.  It  may  be  formed  by  heating  carbonate 
of  silver  with  iodide  of  ethyl  in  a  closed  tube ;  but  it  is  generally 
procured  by  heating  sodium  or  potassium  with  oxalic  ether,  in  which 
case  carbonic  oxide  is  disengaged  abundantly,  whilst  carbonic  ether 
distils  over,  and  oxalate  of  the  alkali  remains  in  the  retort.  Car- 
bonic ether  is  a  very  mobile  liquid,  of  a  sweet  aromatic  odour ;  it 
is  not  very  inflammable,  but  is  readily  decomposed  by  an  alcoholic 
solution  of  potash.  When  heated  in  a  sealed  tube  with  an  alco- 
holic solution  of  ammonia,  alcohol  and  carbamic  ether  (urethane) 
are  formed ;  and  if  the  temperature  be  raised  to  about  356°,  the 
excess  of  ammonia  slowly  converts  the  carbonic  ether  into  alcohol 
and  urea,  or  carbamide  (Natanson) ;  both  decompositions  beiug 
analogous  to  those  which  oxalic  ether  undergoes  with  greater 
facility  by  the  same  reagents : — 


Carbonic  Ether. 

Carbamic  Ether. 

Alcohol. 

2  C^HjO,  0,0^ 

Carlwmie  Ether. 

+    H,N    =    C.HjO,  H,NC,0, 

Carbamide  (Urea.) 

+    H,N    =          H^N,CA 

+    C,H,0,  HO 

Alcohol. 

CAO,H^C,0, 

+    C,H.O,HO 
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Ureihane,  or  carl/amic  ether,  is  a  subetaace  which  resf 
•permaci^tt  in  appeamnce ;  it  e^nuces  a  reznarkjdhle  di^Mwitioa  ta' 
cryntaUbc,  and  IbrmH  large  transparent  leaflets,  fbsiUe  hekrar  212K 
It  hnU  at  356'',  ami  yields  a  vapour  of  sp.  gr.  3' 14.     Ii  k  vm 
aolulile  in  nieohot  aiirl  t  ther.     If  distilled  in  a  moist  state,  it  gifts 
olT  lurgii  f)uuiititif«  uf  ammonia* 

Vhhmcurhonk  Eihtr  (C^H^O,  CjjClO,),  Sp.  gr.  of  iiquid  I'l^j, 
qfva^Hfur  3H23, — TIuh  comiiuund  m  obtained  by  atisoTbing  phoflgtM 
gii  by  atmuluttt  uleofuil^  itud  rectifying  the  product  from  pcmdeied 
Uthimie  aud  chloride  of  ealcitim.  It  is  a  colourless,  verj  linipid 
litinid,  ^vliit'h  emits  a  auflbcating  odour,  and  irritates  the  era 
j*c>w(*ifylly.  It  Ijoiln  ut  iOi°,  emitting  au  iiiflammable  %^apoar, 
whieh  buiim  \^ith  a  green  llanie.  It  is  not  soluble  in  cold  water, 
Injt  in  derom|M»wrd  by  boiling  water.  Gerbardt  reprcsenta  this 
eoinpfiimil  nn  nu  oxyrhloritU^  wbicb  bears  the  same  relation  to 
earljethylic  lu^id  that  [jenzoic  oxycbloride  (cblorideof  benzoyl}  ( 
to  ben»oic  aeid  : — 


earbethylic  Add. 


Cl  ' 


(1D07)  qfunic  Kihtr  (CJI^O,  C.NO),  Sp.  gr.  of  liqnid  0-898, 
ttfvttpuur  2' 4 75. — 'V\m  tUht  may  be  prepared  by  distilling  cyana 
of  pnlriAli  with  the  finlph(!tliylate  of  that  base.      It  is  an  extreme 
[lUNKfnt  vnlntihi   btpiiil   af  bigli   refracting  power.      Cyanic  ethi 
nbrn  d(MH»miH>Hrd  by  hydrate  of  potash   undergoes   a  remarkab 
traniforniationj  in  eonHe([uenee  of  which  it  is  couverted  iuto  a  new 

base,  etliylia,  CJIyN  (=       11  VN),  which  corresponds  to  an 

nia  in  whieli   tviic  (^ijnividt^nt   of  hydrogen  has  been  displaced 
ethyl  (CjliJ  the  organic  radiele  of  etber.  (Wurtz,  Ann,  de  Chimk 
IIL,  \xx.,  447.} 


Ojrank  EibiT. 


KtlijU*, 


Hjilrtt*  of  Foteib.        C&rlK>n«t#  of  Potiuli. 

C,Ha4nO    +    MKO,  HO)    ^    a  (EO,  COjJ    +    C,H„  H,N. 

A  simihir  decomposition  ensues  when  the  cyanic  ethers  of  tlie 
other   alcohols    are    treated    with   hydrate    of  potash,  a   series 
alkalies  homologous  with  ethylia  being  formed.     Thus,  star 
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with  hydrated  cyanic  acid,  which  contains  hydrogen  instead  of  one 
of  the  radicles  of  the  ethers  : — 

CjamoAdd. 


H  O,  CjNO     -h     2  (KO,  HO)    =    2  (KO,  CO,)    +  H,  HjN 

Hethyl^jyuic  Ether.  Methyli*. 

C^HjO,  C3NO    -f     2{K0,H0)    =    2(B:0,C0,)    +    C,  H, ,  H,N 

Amyl-cjanic  Ether.  Amjlim. 

CjoH„0,C^    +    2(K0,H0)    =    2(K0,C0,)     +    CJ^bCh^ 

When  cyanic  ether  is  treated  with  ammonia,  combination  occurs 
between  the  two  bodies,  and  a  body  homologous  with  urea,  ethyl- 
urea  (CellgNgOg),  is  formed : — 

Cyanic  Ether.  Ethyl-nreft. 

C,H,0,C,NO        -f        H,N        =       'i,{C,HJN,C,0,.' 

The  other  cyanic  ethers,  when  treated  with  ammonia,  form  homo- 
logous bodies,  or  ureas  in  which  the  place  of  one  equivalent  of 
hydrogen  has  been  supplied  by  one  equivalent  of  the  various 
radicles  of  the  ethers.     Thus ; — 

Ordinary  urea    .    =    H,(     H  )NAO,    { '^^S**^  *^'^'"^^- ""^ 

Methyl-urea.     .    =    H,(C,  H,  )N.CA   { ^'Z.  "oS^'^'^'''    "*^''   ^^ 
Ethyl-urea     .     .     =     H,(C4  H,  )N,C,0,      from  ethylcyanio  ether. 
Amyl-urea     .     .     =     HjCCioHnJNjCjO,      from  amylcyanic  ether. 

The  various  cyanic  ethers  when  placed  in  contact  with  water 
undergo  decomposition;  they  evolve  carbonic  acid,  and  the  mem- 
bers of  another  scries  of  ureas  are  produced,  in  which  two  equiva- 
lents of  the  hydrogen  contained  in  ordinary  urea  are  displaced  by 
two  equivalents  of  the  alcohol  radicle ;  for  example : — 

Cyanic  Ether.  Diethyl-nrea. 

a  C^H^O,  C,NO    +    2HO  =  2(00,)  -f  H;(C,hJ,N,C,0, 
Methyl-cyanic  ether  yields  under  like  circumstances  dimethyl-urea ; 

Hethyl-cyaQic  Ether.  Dimethyl-orea. 

2C,H,0,  C,N0  +  2  ho  =  2  (CO,)  +  H2(C,H,),N,C,0,; 
and  amyl-cyanic  ether  yields  diamyl-urea ; 

Amyl-cyanio  Ether.  Diamyl-orea. 

2  (5,oHn6,  C,Nb  +  2  HO  =  2  (CO,)  -f  B/CM,^fifi,. 
It  may  be  observed  that  dimethyl-urea  is  isomeric  with  ethyl- 
urea;  for 

IMmethyl-iiTC*.  Ethyl 


H.(C^,)^,CA    =    C.H^,0,    =    H.(C,H,)N,C,0,. 
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Methyl-cyanic  ether  undergoes  a  singular  spontaneous  change  cvc 
when   sealed   up   in    a   tube;  in  consequence  of  which  it,  in  the 
course  of  a  few  hours,  becomes  converted  into  a  crystalline  mass 
of  mclliyl-cyanurie  ether, 

(1008)  Cijanuric  Ether  (3  C^H-O,  CaNgOa),  Sp.  gr,  of  vapour 
7'4. — This  coin|KJuud  m  obtained  by  distilling  a  mixture  of  sulph- 
ethylate,  and  cyauuratc  of  potash,  by  the  heat  of  an  oil-bath.      It 
is  isomeric  with  cyanic  ether  :    but  it  is  solid  at  ordinary  ten 
peratureSj  and  may   be    obtained  from  its  solution    in    ether 
brilliant   crystabj  which    melt    at  185^,  forniing  a  liquid   heavic 
than  water,  which  boils  at  529°,  and  may  be  distilled  unaltered. 
When  treated    with    hydrate    of  potash,   it   yields  ethylia.      The 
cyan  uric  ethers  of    the    other   aleohols  yield   the   corresponding 
alkalies  when  similarly  treated^  the  products  being  identical  with 
those  which  are  fiiniisht^d  when  the  cyanic  ethers  of  the  &ame  scrie^H 
are  similarly  decomposed  : —  ^^ 


,pn- 
riei^^ 


Cjanurio  ElUcr. 


Ethylm. 


3  C,H,0,  C,N  A   +    <5  (KG,  HO)    ^    6  (ICO.  CO,)    +    3  (C|H,,  H,N 

Alhplmnic   Ether    (C^H^O,  C JI3N3O5). — This  compound  wi 
long  mistaken  for  cyanuric  ether.      It  is  obtained  by  transmittinj 
the  vapours    of  hydrated  cyanic   acid   into  alcohol*      It  is  a  solid 
crystalline,  colourless^  tasteless,  inodorous  Ix^dy  which  is  insoluble 
in  cold  water,  but   is   soluble  in  boiling  water,  in  ether,  and  11^^ 
boUing  alcohol*    It  is  soluble  in  cohl  baryta  water,  which  convert^^^ 
it   into   a!cohol,   and   a   new   salt,    allophanate   of    baryta    (BaO, 
C^H^N^O^).      The  acid  is  not  known  except  in  combination. 


{(i)  Ethers  not  derived  from  Ethytic  Alcohol. 


(1009)  Methylic  Etoeh,  or  Oxide  of  Methyl  (C2H3O,  C^H 
Sp,(/r.  of  vapour  1-617, — ^y  distilling  1  part  of  pyroxylic  spirit  and 
4  parts  of  oil  of  vitriol,  a  colourless  gas  with  a  peculiar  oppressive 
ethereal  odour  is  disengaged,  which  is  thehomologue  of  ether  in  the 
ethylic  series.  It  is  aeeonipanied  by  carbonic  and  sulphurous  acids, 
which  may  be  removed  by  allowing  the  gaseous  mixture  to  stand  fo^ 
twenty -four  hours  in  contact  with  slaked  lime.  Gaseous  methylt 
ether  is  freely  soluble  in  water,  which  disi^olves  about  37  times  i 
bulk  of  the  gas,  and  acquires  its  odour  and  pungent  ethereal  taste 
It  is  still  more  soluble  in  alcohol.  Tlus  gas  is  very  inHammalilc, 
and  bums  with  a  pale  flame ;  it  is  not  liquefiable  by  a  cold  of  o''  Pi 
This  substance^  it  should   be  obscrvedj    is  isomeric  with  aloob 


IS, 
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with  which  it  corresponds,  both  in  its  equivalent  number  and  in 

1  he  density  of  its  vai)Our.  Coni[M)unds  of  methyl  may  be  o))taincd 
ivith  chlorine,  bromine,  iodine,  and  sulphur,  forming  chloride,  bro- 

aide,  iodide,  and  sulphide  of  methyl :  all  these  bodies  are  inflam- 
mable :    the  chloride  is  gaseous   at  onlinary  temi)er.itures ;    the 

jromide  and  the  io<lide  are  volatile  liquids  of  considerable  density. 
.Ul  these  compounds  are  prepared  like  the  corresponding  com}x>unds 

)f  ethyl.  Combinations  of  oxide  of  methyl  with  the  oxyacids  also 
I'xist,  forming  a  class  of  compounds  parallel  with  the  ethylic  oxy- 
:icid  ethers:  thus  we  have  sulphate,  nitrate,  oxalate,  acetate  of 
methyl,  and  so  on. 

(loio)  Methyl^Sulphuric  Ether,  or  Sulphate  of  Methyl  (2  021130, 
SjOfl),  is  procured  by  distilling  i  part  of  pyroxylic  spirit  with  8  or 
JO  parts  of  oil  of  vitriol;  the  ether  passes  over  as  a  tasteless 
oily  liquid,  and  collects  in  the  receiver.  It  must  be  washed  with 
cold  water,  digested  on  (piicklime  to  free  it  from  sulphurous  acid 
and  water,  and  then  rectified.  It  is  thus  obtained  as  a  colourless 
liquid  which  boils  at  370°,  and  gives  off  a  vapour  containing  2 
equivalents  of  oxide  of  methyl  and  2  of  sulphuric  acid  in  4  volumes. 
It  is  slowly  decomposed  by  water  in  the  cold,  but  is  quickly  re- 
solved by  it  at  the  boiling  point  into  wood  spirit  and  sulpho- 
methylic  acid. 

Methyl-Acetic  Ether ;  Acetate  of  Methyl  (C2II3O,  CJI3O3),  is 
formed  abundantly  during  the  destructive  distillation  of  wood,  and 
enters  largely  into  the  composition  of  crude  wood  spirit.  It  is  a 
colourhiss  liquid,  of  an  agreeable  ethereal  odour,  lioiling  at  133**; 
it  is  freely  soluble  in  water.  The  hydnited  alkalies  decompose  it 
into  acetic  acid  and  wood  spirit.     It  may  be  obtained  by  distilling 

2  parts  of  wood  spirit  with  i  part  of  concentrated  acetic  acid,  and 
1  of  oil  of  vitriol ;  the  crude  product  is  rectified  from  chloride  of 
calcium,  which  retains  the  unchanged  wood  spirit. 

Methyl-Oxalic  Ether,  or  Oxalate  of  Methyl  (2  C.JI3O,  C.OJ, 
at  ordinary  temperatures  is  solid,  and  may  be  sublimed  without  dif- 
ficulty. A  comi)ound  of  oxide  of  methyl  has  in  one  instance  been 
discovered  ready  formed  in  the  vegetable  kingdom,  constituting,  in 
combination  with  salicylic  acid,  salicylate  of  methyl,  the  essential 
oil  procured  from  the  Betula  lentu,  a  species  of  birch,  and  from  the 
winter  green  (Gaultlieria  procuinbens)  (C2H3O,  CuHjOg)  :  a  com- 
pound exactly  resem])ling  the  natural  oil  is  obtained  by  distilling  a 
mixture  of  wood  spirit  with  salicylic  and  sulphuric  acids.  This 
compound  possesses  the  power  of  uniting  with  bases  like  an 
acid. 

PART  HI.  N 


178 


TRITYLIC,  TETHVLIC^    AMYUC,  AND    OCTYLIC    ETHERS. 


(loij)  The  ftpllouiug  table  shows  the  composition  anci  sob 
of  the  physical  properties  of  the  more  important  methylic  ethc 
Tlie  densities  to  which  au  as^terisk  is  affixed  were  taken  at  32**  P.l 


•i_j»i _.^i_* 

Specific 

Gnwitj, 

Mclbjl  —  C,tl,. 

FonpulBP. 

* 

Liquid. 

Vapnur. 

Oxide     ,    ,    . 

C,H,0,  C,H,0 

1      »'<5i3 

Sulphide     .     . 

C.H.S.  C.,H,S 

105*8 

0*845 

21  rs 

BiHulpliith' .     . 

r:n3s..,c:ji,s„ 

about  240 

ro4S 

3310 

Chloride      .     . 

t;n,. '  ci    ' 

»73i     ' 

Bromide     .    , 

C,H,.     Br 

555 

r(564* 

loditiu    .    .    . 

C,H,.     I 

111-4 

i'i993* 

4;883 

Cyanide      ,     . 

C,Hj.     C,N 

170*6 

4505 

Sulphnte     .     . 

a  C,H,0.  a„0. 

370 

i'324 

Nilnite  ,     .     , 

CH.O.  KO, 

151 

ri83 

2*640 

Borate    ♦     .     , 

3  c";h/).  IK), 

i6i'6 

0*955 

3-66 

Formiftte    .     . 

CJI,0.  C„  H  O3 

921 

0*9984^ 

2084 

Acetate  ,     .     , 

c,H,o.  c;  u,  0, 

i3.r3 

2046 

0'956a* 

2'5<»3 

Butyr!*'t3     .     . 

CjHA^^-.n.o, 

0-9209* 

3*52 

Valerate      ,     . 

C,H,i>.(.-,„ll.,0, 

241 1 

0*9015* 

Cyauate      .     , 

CJI.O.  C„  N    0 

about  104 

Cjatiurute  ,     . 

3  c;i!,o.  c;,  y  t\ 

525 

5*98 

Bcnzoute     *     . 

c,ii,o.c„u,o. 

32rS 

4-717 

OxahUi^  .     .     . 

2  OjH.O.  C,       0„ 

Salicylate   .    , 

c,u,o.  c„ii.  0. 

43i'6 

ri8 

54a 

(lOil)     Triii/iic,   TetryliCf   Amy  lie  j   and    Orh//ic   Ethers,— 
Trifijlic  Eiher  was  ohtaintMl  by  Chancel,  hut  it  is  little  known, 
its  tierivatives  have  not  yet  been  invesstigated,  2,  TttnjUc  (bntyli* 
Ether  was  first  descrlhcd  by  Kolhe  as  one  of  the  pi^oducts  of  the 
voltaic  decomposition  of  valerate  of  potash.        Since  that  titne^  IS 
"VVuvtz  has  pubhshcd  a  memoir  on  the  ethers  of  the  tetrylie  seri 
to  which  the  reader  in  referred  for  a  description  of  their  properties 
{Ann.  tie  Ckhnie,  III.,  xlii.,  129),    The  amy  lie  scries  lias  been  more 
completely  investig^ated,  from  the  circumstance  that  the  raw  material 
(fouscl  oil)  from  which  they  are  procured  is  an  abundant  second] 
product  which   is   separated  from   corn   bitiudy  and   potato  spi 
during  the  process  of  recti  ti  eat  ion. 

3.  Amtjik  Ether  (CjoHjjO,  Cn,Hi|0)  is  obtained  only  in  « 
rpiaiitity  by  the  dii^tiilation  of  fousel  oil  with  Bulphimc  acid,  since 
this  nntthod  the  greater  part  of  the  alcohol  is  converted  into  by 
carbons  isomeric  witlx  olefiant  gas.    Amylic  ether  boils  at  349^* 
Balard  states  that  he  also  procured  it  by  decomposing  chloride 
aniyl  (CnJI^iCl)  by  means  of  a  concentrated  solution  of  potasli  :  the 
mixture  is  to  be  sealed  up  in  a  tube  and  heated  for  some  time  to  2 
The  liquid  which  floats  upon  the  surlace  has  a  fragrant  odour^ 
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ioila  at  about  233°.  It  is,  however,  doubtful,  according  to  'William- 
on,  whether  this  is  not  the  amvlethvlic  ether.  No  aualvsis  of 
I  has  been  made.  It  is  probable  that  some  of  the  compound 
rhers  of  the  amylic  series  are  the  bodies  to  which  the  odour  and 
liivoiir  of  certain  fruits  belong,  but  they  present  no  special  points 
>f  interest,  and  therefore  need  no  detailed  derscription.  They  may  be 
»rocured  by  methods  analogous  to  those  which  were  descrilxjd  when 
reating  of  the  different  ethylic  ethers.  The  amylic  series  was  care- 
uUy  investigated  by  Cahours,  {Ann,  de  Chimie,  IL,  Ixx.  and  Ixxv.) 

The  following  table  contains  the  principal  ethers  of  the  tetrylie 
md  amylic  groups  : — 


Totrylic  (Bulylic)  Sorim. 

Boiling          8p.  ^r. 

FormulaD. 

jMiint, 

-F.      Liquid.  VKp<mr 

Oxide.    . 

Rulphide  . 

1 

Bisnlphide 

Chloride  . 

C,H,C1 

160 

1 

Bromide  . 

C.U.Br 

19-        '"^74    47' 

Iodide.     . 

C,H,I 

249-8   I  604  6-2 1 7 

Cyanide    . 

CJI..  Cy 

257      o-.Sio  2*892 

Nitrate     . 

CJJl.O.NO, 
C,II/),C,H,0, 

266 

Acetate    . 

237      0884  4-073 

Carbonate. 

1 

Oxalate    . 

Fdrmulir. 


AiiiTlic  Sories. 

lioiiiiif; 
■  IN  int. 

I    °F. 


Liiiuid. 


Vapuur' 


c,«n„o,  c„n,.o 

3488 

c.«"m^^.  <'.."..« 

420-8 

6-3 

^\.»..'S.<Wi«,s. 

480  f 

0*918 

^•..".P    ci 

"5    , 

377 

C„H,„     Br 

!--Il'''  I. 

294-8 

I  -5 1 1 

6-675 

<'.•»„.     (\N 

2948 

0806 

3335 

UJI„().No, 

298-4 

0994 

<',.",/>/'.",<>, 

257 

4-4.^8 

2(^JI„(),C.       0, 

4.'.5 

0-914 

2C,«I1.,().C,       0. 

503 

8-4 

4.  Bonis  has  recently  examined  {Ann,  de  Chimie,  III.,  xliv., 
128)  several  of  the  ethers  of  the  octylic  (caprylic)  scries:  many  of 
them  possess  a  very  agreeable  and  fragrant  odour,  which  may  pos- 
sibly lead  to  their  employment  as  perfumes ;  but  they  do  not 
present  sufficient  importance  to  require  further  notice  in  this 
work. 

§  V.  Action  of  Ciilouine  on  the  Etuers  and  Alcohols. 

(1013)  Chlorine  exerts  a  ])owerful  action  upon  the  alcohols^ 
and  upon  all  their  derivatives  which  contain  hydrogen,  forming 
by  substitution  numerous  compounds,  in  which  a  certain  number 
of  equivalents  of  hydrogen  are  displaced  by  chlorine.  Similar 
effects  are  produced  by  bromine  and  by  iodine,  though  the  action 
of  these  elements  is  less  energetic.  Solar  light  greatly  increases 
the  facility  withwliieh  the  reaction  is  effected.  The  general  laws 
by  which  these  substitutions  arc  regulated  will  be  best  understood 
by  the  description  of  a  few  of  the  most  important  compounds 
thus  formed. 

N  2 
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CHLOmNATEO    DERIVATIVES    FIIOM    WINE    ALCOHOL, 


[a)  Derivatives  from  Tflne  AlcokoL 

(1014)   Dkhhrhmted  Eiher  2  (C4HJCUO),      Sp.  gr.  r^c 
When  flry  chlorine  is  pas^^ed  iuto  aiihytlrous  ether,  abundance 
hydrochloric  acid  is  formed  ;    2  of  the  5  equivalents  of  hydi 
in  eacli  half  of  the  molecnle  of  ether  ai*e  displaced,  and  in  the 
stead  2  equivalents  of  chlorine  enter  into  the  compound.      8  equS 
valeuts  of  chlorine,  and  i  of  ether,  thus  produce  4  equivalents 
hydrochloric  acid,  and  i  of  this  new  body  : — 

Ether 


H;,, 


Diclilono«i«!d  Etfa«r, 

IT' 


2  (C^y'O)  +  8  CI  =  4  HCl  +  2  (0,^,70.) 

It  forms  a  heavy,  colourless,  oily  liquid,  neutral  to  litmus  pap 
with  an  odour  and   taste  resembling   that  of  fennel ;  at  284*  il 
undergoes   decomposition   before  it  begins  to  boil,  and  by  contac 
with  water  it  is  gradually  converted  into  acetic  and  hydrochlor 
acids.      It   has   been   regarded   by  Liebig  as  a  compound  of 
same  order  as  acetic   acid,  and  he  terms  it  oxychhride  of  acetyl^ 

2  (  C^p^^O  )  ;  6  equivalents  of  water  would  produce,  with  1  equivi 

lent  of  this  sub^tance^  2  equivalents  of  dry  acetic  acid  and  4  ( 

hydroddoric  acid ;  2  (C^^'O)  +  4  HO  =  2  (HO,  CJI A)  +4  HCL 

An  alcoholic  solution  of  potash  immediately  produces  this   decom- 
position, chloride  of  potassium  aiul  acetate  of  potash  being  foruiedJ 

Pen-hhrmattd  Ether  (C^Cl^O,  C^Cip).  &>.  ffr.  of  solid  vg. 
If  etlier,  saturated  with  chlorine,  be  exposed  in  a  vessel  with  exc 
of  the  gas,  to  the  direct  rays  of  the  sun,  a  crystalline  body  i^ 
formed,  which  fuses  at  156"*.  It  is  soluble  in  hot  alcohol,  and 
crystallizes  on  cooling  in  octolicdra  with  a  square  base.  Thil 
Bubstance  represents  ether,  in  which  the  wliole  of  the  hydrogen 
has  been  displaced  by  chlorine.  Under  certain  circumstances  tli 
perchlorinated  etlier,  at  the  moment  of  its  formation,  is  resolvedl 
into  sesquichloridc  of  carbon,  and  into  a  body  corresponding 
aldehyde  in  which  all  the  hydrogen  has  been  displaced  by  chlorine  s 
and  a  similar  trans  formation  occurs  when  tlie  vapour  of  the  clilori-" 
nuted  ether  is  exposed  to  a  temperature  of  about  592°  ; 

Perohlorin.  Etluer,  Seaquichlor.  Carb.  PerohloraJdehjd* 

2  (C^ci3)        ^        cH       +      CMO2- 

An   alcoholic    solution   of  potash   decomposes    perchlorinated 
Fether,  but  the  reaction  is  complicated,  owing   to  tlie  presence  of 
compounds  derived  from  the  alcohol  employed. 

(10  J  5)  The  action  of  chlorine  upon  chloride  of  ethyl  is  more 
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regular ;  with  suitable  care  it  is  possible  to  obtain  compounds  in 
which  each  equivalent  of  hydrogen  is  successively  removed,  and  its 
place  supplied  by  chlorine,  as  shown  in  the  table  given  at  i>age  46. 

(10 1 6)  Action  of  Chlorine  upon  Compound  Ethers, — The  fore- 
going examples  arc  true  cases  of  substitution ;  but  in  some  rare 
instances  the  chlorine  unites  directly  with  the  compound,  pro- 
ducing a  new  chlorinated  body,  without  separation  of  hydrogen  or 
formation  of  hydrochloric  acid  ;  an  instance  of  this  kind  is  pre- 
sented in  pyromucic  ether  (C^IIgO,  CjoHgOj),  which  absorbs  4 
equivalents,  or  rather  more  than  its  own  weight  of  chlorine,  and 
from  a  crystalline  solid  becomes  converted  into  a  colourless 
syrupy  liquid,  C4H5O,  CioHaCl^Oj.  A  more  familiar  example  is 
offered  in  the  direct  union  of  chlorine  and  olefiant  gas.  These 
two  gases,  when  mingled  in  equal  measures,  combme  to  form  the 
oily  liquid  discovered  by  the  Dutch  chemists,  and  which,  by  the 
continued  action  of  chlorine,  yields  a  series  of  compounds,  the  last 
member  of  which  is  Faraday's  scsquichloride  of  carbon  (400). 

The  following  table  exhibits  in  one  view  the  effect  of  chlorine 
in  its  successive  stages  uj[)on  ether,  and  some  of  its  derivatives 
and  compounds ; — 


Kilitif  .  .  , 
I  Carbonic  Kther 
I  Oiiillc  Kther  . 
'  FurmjR  Ktbcr  . 

Acetie  Ether  , 
-^  Cliluruot'tac  do. 

.  Pymmticic  do. 


KorTnul  Kthrre. 
C,0.0,C_HO, 

,  c\H,o,c^H,y, 

CjH^O.C^CtjO, 
C,H,0,C,,H,0, 

c^H^OjCj^e^o, 


DkcKluilDftt^. 


VariouK  Btagot. 

C,H01,C), 


clo  cci  o;c,Hci,o,c,ci,o,  j 

C,II.C1„C   U.O,  I 
C,H,0,0„ia.Cl,0.| 
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Experiment  shows  that,  whether  ether  be  free  or  in  combination, 
the  first  2  equivalents  of  hydrogen  are  more  readily  removed  from 
it  than  the  others,  as  indeed  might  be  exi)ected  from  the  facility 
with  which  alcohol  loses  2  equivalents  of  hydrogen  by  oxidation  in 
the  manufacture  of  acetic  acid.  All  the  compounds  indicated  in  the 
third  column  of  the  table  are  represented  jis  containing  C4II2CI3O; 
and  when  any  one  of  these  is  submitted  to  the  action  of  an 
alcoholic  solution  of  hydrate  of  potash,  it  is  decomposed ;  and  ace- 
tate of  potash,  along  with  chloride  of  potassium,  is  found  among 
the  products.  This  circumstance  can  only  be  explained  by  sup- 
posing that,  whenever  the  compound  ethers  of  an  organic  acid 
into  the  composition  of  which  hydrogen  enters,  are  submitted  to 
the  action  of  chlorine,  the  hydrogen  is  in  the  first  instance  dis- 
placed from  the  ether,  and  subsequently,  by  prolonged  continuance 
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..[*  •!.,'  a.tioii.  the  ili-iphicoment  extends  to  the  hydrogen  cc 
;:i  :l.i-  ;uiii  of  the  iHMniwund.  The  mode  in  whicli  the  ncv 
rv.iiTiTo  iho'mpoition,  in  many  instances  affords  proof  t 
ii>;  ;:u  rtinMit  i^  ertivtod  in  this  order.  When,  for  example, 
1- iTmI  t"«M!nu'  ethiT  i*i  droonj[)o?e<l  hy  an  alcoholic  solii 
I  .";i  h,  rl.l.tiiiK*  of  potassium,  and  acetate  aud  formiatcof  t 
:iri'  the  ii'^ult  : — 

|,    ;  ■   -.  ."  „,  ...  Kt*-^r.  Ai'i'ImK  of  Potash.  FiTniiate 


N'w  the  compouiul  (\1I»CL0,  when  decomposed  by  potasl 
:i.i  rati*  ot*  potash  aiul  chloride  of  potassium  (1014),  »o  t 
I'luiiati'  is  cviihiirly  ihMived  from  undecomposed  formic  a 
W  lull  cliIi>nuo  is  made  to  act  upon  the  ethers  uii 
f  >!ii.»ii  III  inthuiioc  of  the  sim's  rays  and  of  a  hig:h  temp 
t:;.  wln»lc  of  the  liYdn>i:cn,  lx)th  of  the  ether  and  of  1 
iiMiihiiuil  with  it.  is  di>plaoed.  These  perch lorina ted  coi 
t'tlirr^.  Mu-h  as  the  pereliloracetic  ether  (C^Cl^O,  C^C\i 
perehliMofonuii'  ether  ■.(\(M-(),  C\C*KV,  arc  very  inistablc. 
are  niulily  deeo  in  posed  hy  elevation  of  temperature, 
ah'oliol,  as  well  as  hy  solutions  of  ammonia,  and  of  tli 
alkalies.  \Vhen  the  perehloriuated  ethylic  ethers  are  subject 
hi-li  tempiM-ature,  the  ])roduets  ohtaiued  vary  with  the  nr 
tl.e  ai'iil  eoiuinind  ^ith  the  ether;  hut  amongst  these  pi 
]..Mvliloraliiehyil  C/'l/V  ^^  always  present.  This  coi 
i«-  (louliile-is  ilen\i\l  tVoin  the  compound  CjCl^O,  which  al 
l)ihlies  eoutain,  and  \Oiii'h,  at  an  elevated  temperature 
yields  st*<nniehli>ride  of  earliDU  C\('l,;aud  perchloraldehyd  (C^ 
\\  lun  the  deeonipi^sition  is  etleetcMl  hy  alcohol,  or  by  an  al 
solution  of  potash,  anu)n«::^t  otiier  bodies  trichloraecti 
\IU),  (\('l,0.j\  (u-  the  products  of  its  decomposition,  is 
found.  This  snl)>tanei*  is  the  n»snlt  of  the  action  of  watt 
piTehloraldehyd ;  hydrochloric  aeid  beiu^jc  liberated,  as  is 
thus:  - 

r,  r-  lilornMfhvil.  Chl-^mootio  \<-u\. 

CVMA    +    .^  no    =    ilcVrinA    H-    HCl; 

and  A>hen  auuuouia  is  made  to  act  upon  one  of  these  perchlo 
(*thei.N,  triehloiaeetamide,  which  is  always  one  of  the  prodi 
ohtaineil  hy  the  following  reaction  up(m  perchloraldehyd: — 

IVri'hloraliK'hvil.     Amnio:ii».  Trii-liLmu-otaniiile. 

(\('i,a  +  iial>?  =  CiC'ijii^Na  +  Kci. 
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M.  Caliours  finds  that  the  chloromethylic  ethers  are  subject 
to  similar  general  modes  of  decomposition,  though  of  course  the 
specific  products  differ  from  those  yielded  by  the  ethylic  series. 

It  frequently  happens,  however,  that  the  compound  produced 
by  the  action  of  chlorine  does  not  correspond  in  composition  to 
the  lK)dy  which  furnishes  it;  for  in  these  cases  the  number  of 
equivalents  of  hydrogen  which  is  removed  is  greater  than  the 
nunilxir  of  equivalents  of  chlorine  which  cuter  into  the  coni|K)und. 
An  example  of  this  kind  occurs  when  dry  chlorine  is  transmitted 
through  anhydrous  alcohol,  when  the  substance,  described  by 
Liebig  under  the  name  of  dtioral,  is  formed. 

(1017)  Chloral;  Trichlora/dehyd  {C^Cl^UO.,),  Sp.  gr.  of  liquid 
1*502  ;  of  vapour  5*13. — When  pure  anhydrous  alcohol  is  submitted 
to  the  action  of  well-dried  chlorine,  it  is  decomposed ;  but  8  ec^ui- 
valents  of  chlorine  are  required  for  the  decomposition  of  a  single 
equivalent  of  alcohol;  a  copious  disengagement  of  hydrochloric 
acid  occurs,  and  chloral  is  formed.  This  body,  however,  does 
not  correspond  in  composition  to  alcohol,  but  to  aldchyd,  2  equiva- 
lents of  hydrogen  having  been  removed  without  any  corresponding 
substitution  of  chlorine,  whilst  the  other  3  equivalents  of  hydrogen 
have  been  displaced  by  chlorine  in  the  usual  manner.  These 
relations  will  be  at  once  perceived  by  comparing  the  formulas ; 

Alcohol CJI^Oa       or  CiH-O,  HO 

Aldehyd C\lI/)2       or  C^H.O,  HO 

Chloral C^Cl^HOa  orC^ClgO,  HO; 

and  the  reaction  is  represented  by  the  equation : — 

Alcohol.  Chlonl. 

cj^2  +  8  CI  =  c'^CilOa  +  5  HCl. 

If  chlorine  be  passed  into  dilute  instead  of  into  anhydrous 
alcohol,  no  chloral  is  formed,  but  instead  of  it  aldehyd,  acetic  acid, 
and  hydrochloric  acid  are  produced.  In  this  case  aldehyd  appears 
to  be  the  comix)und  formed,  and  by  a  secondary  reaction  of  aldehyd 
upon  water  at  the  moment  of  its  formation,  it  appropriates  2  equi- 
valents of  oxygen  from  the  water,  whilst  the  chlorine  removes 
the  corresponding  quantity  of  hydrogen  i — 

Alcohol.  Ahlohyd, 

C^(\  -f  2  CI  =  CJiPz  +  2  HCl;  and 

Alilehjd.  Aci-tie  Acid. 

6SQ>i  +  a  no  +  2  Cl  =  (^^IiPi  +  a  HCl. 
Chloral  is,  ia  many  respects,  a  very  remarkable  body.     In 
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orier  to  obtain  il  in  m  state  of  purity,  the  aleahnl  is  stthjectcd  for 
uajiT  boars  to  a  current  of  cbknine,  which  is  transmitted  *o  loc^ 
a»  it  is  absorhed.  It  is  necessaar  at  first  to  keep  the  alcolio]  tW, 
hut  afterwards  the  temperatare  must  be  ^raciuaUj  rai!M?d  uiitil  it 
boils.  The  crude  product  is  mixed  with  three  times  its  bulk  of  oil 
of  vitriol,  ttud  distilled  at  a  fentle  heat.  This  operatiou  is  sgaii 
repeated,  and  it  is  a  third  time  distilled  over  quicklime.  Stattlekj 
fiuds  that  chloral  may  also  be  formed  by  distilling  a  mutair  d 
one  part  of  starch  (or  sugar)  with  7  of  hydrochloric  aeid  aud  j  d 
perostide  of  manganese;  formic  and  carbonic  acids^  aud  clhcf 
bodies,  accompany  it. 

Chloral  is  a  colourless,  oily-looking  fluids  of  a  peculiar  peii& 
trating  odour,  which  produce*  a  How  of  tears ;  when  dropped  upoB 
paper  it  leaves  a  transient  greasy  stain.  It  boils  at  20 1"*,  aiulti 
soluble  in  water,  alcohol,  and  ether.  If  mixed  with  a  sroiH 
quantity  of  water,  much  heat  is  extricated,  aud  a  crystalline 
hydrate  is  formed  in  the  same  way  as  with  the  bichloride  of  tm. 
One  of  its  most  singular  properties  is  the  change  which  it  under- 
goes  spoutaneously  by  keeping;  in  a  few  days  it  becomes  cod- 
verted  into  a  tough  white  porcellanous-looking  mass,  isomeric 
with  the  liquid  form,  into  which,  by  distilhition,  it  can  be  n^n 
eonvertt*d,  Tliis  white  substatiee  is  insoluble  in  alcoliol,  in  ether, 
and  in  water,  but  by  contact  with  water  it  is  gradually  convertnii 
into  the  crystallizeil  hydrate  of  chloral  The  facility  of  thus  effcctini 
its  trauHformation  into  isomeric  modifications  indicates  a  certain 
resemblance  to  aldehyd  in  the  instability  of  its  molecular  arrange 
ment. 

An  alcoholic  solution  of  potash  converts  chloral  imtnediatdy 
into  formiate  of  potash  and  chloroform, 

Cklonl.  Formiaie  of  PoCmIi.  Chloroform, 

c^ci,  HO3  +  Ko,  no  =  Ko,  c,HO,  +  5hci^. 

This  fact  cannot,  however,  be  supposed  to  indicate  much  respect- 
ing the  grt>uping  of  the  coraponeot  molecules  of  chloral, 
unstable  equilibrium  of  which  is  evidenced  by  the  facility  witS 
which  cldoral  spontaneously  passes  from  the  liquid  to  the  solid 
form.  There  is  no  doubt  that  the  arraTigenieut  is  verv  dif- 
ferent in  these  two  forms,  and  if  thus,  whilst  uusolicitcd  bv  auv 
extraneous  chemical  forces,  its  molecular  arrangement  is  so  readily 
altered »  it  is  obvious  tliat  the  re^^ults  of  decomposition,  under  the 
iuHueuce  of  powerful  cliemical  agents,  will  throw  hut  little  light 
apon  tlie  probable  arrangement  of  its  constituent  elements. 
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(1018)  Perchloraldehyd  {C^Cl^Oa).  Sp.  gr.  of  liquid  1*603  ;  of 
vapour  6-32 — This  body  is  obtained  by  trausmitting  the  vapour  of 
pcrchloriiiated  ether  2  (C4CI5O)  through  heated  tubes  (1014),  a 
mixture  of  sesquichloride  of  carbon  and  pcrchloraldehyd  being  the 

result : — 

Perchlor.  Ether.  Sesqoichlor.  Carbon.  PerehlonUdehyd. 

2(cJiJ))        =        cjie       +       cJuo,. 

The  two  compounds  may  be  separated  by  distillation^  since  the 
cliloridc  of  carbon  is  the  less  volatile  of  the  two.  Pcrchloraldehyd 
is  also  always  one  of  the  products  of  the  decomposition  of  the 
compound  chlorinated  ethylic  ethers  by  heat  (1016),  of  which  the 
following  may  be  taken  as  examples : — 

Perchloroformic  Ether.  PerchlonUdchyd.  Phnnffene. 

c.cuo,  c^cio,  =   c]cIio,  +  6^0^,. 

Perchloracetic  Ether.  Perchlomldchyd. 

C4CI5O,  C^ClaO^    =     2  {C^CXfi^. 

Perchloroxalic  Ether.  Perchloraldehyd.  Pho«gene. 

2  c^ci^o,  CA  =  a^lc^ciA)  +  CAcia  +  2  CI. 

It  is  a  transparent,  fuming,  volatile  liquid,  which  emits  a  suffocating 
odour,  and  boils  at  244°.  It  turns  the  skin  white  if  allowed  to  fall 
upon  it.  Water  decomposes  it  gradually  into  hydrochloric  and 
trichloracetic  acids  : — 

PerohUtnddehyd.  Trichloracetic  Acid. 

C4CIA  +3HO  =  HO,  C4CIP3  -f  HCl. 
Bromine  acts  upon  alcohol   in  a  manner  similar  to  chlorine, 
forming  bromal  (C^BrgHOj),  which  is  a  colourless  oil  of  sp.  gr.  3*34, 
boiling  above  212*". 

{b)  Chlorinated  Derivatives  from  other  Alcohols  and  their  Ethers, 

It  will  be  unnecessary  to  enter  into  any  detailed  description 
of  the  innumerable  compounds  which  may  be  formed  from  the 
simple  and  compound  ethers  of  the  other  alcohols,  by  the  substitu- 
tion of  chlorine,  bromine,  and  iodine  for  hydrogen ;  for,  with  one 
exception,  which  occurs  in  the  case  of  chloroform,  they  present  but 
little  to  arrest  the  attention  of  the  chemist.  They  have  been 
minutely  studied  by  Malaguti,  Cahours,  and  Cloez,  to  whose 
various  papers  in  the  Annates  de  Chimie,  the  reader  is  referred 
for  further  information  on  the  subject. 

(J019)  Chloaoform  (CjIICy,  Sp.gr.  of  liquid  1-497 ;  of  vapour 
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.ml?.;\^t£d  derivatives  from   other  alcohols. 

.  . «  .:.:.  r •--':.  MT  LVjm jiou  nd  i*   prod uced    by  a  va ricty  of  rc- 
^;  . :-  li/.TiM-  U  made  to   act  upon    chloride   of  uietbvl, 

•    '■:■     ■  C-i^lTform. 

rji^^     -    4^    =    ChCI^    +      2  HCl. 

r  :   :;  ..!-.  .'.■  ::.- -ic  •>!'  its  furmation    lias    been  jx)inte(l  olt 
..  *     i..     r^  >  :i.::t  a  inixiiirt'   of  equal  volumes*  of  iiiar>li 
.  i.  :••  -Al.iih  ail   excess   of  elilorine   is  adiW. 
;:■:.-    :.  .      .'.y  '.::'i!il    coiiM-Jtiii^   of    chloroform  and  bi- 
:  .  ]•  .-  ;;!<«»  |:iMlu«*cd  durin;^  the  decompositioii 

v  .        :.:■'■.:-  :=y  tilt-  livtlnitcd  alkahe.s  : — 

K   ».  «  .'  .')    -   K(J,  no  =  2   KO,  CO.;  +   CJICl^. 

V  •:.    :.  :;  i;  ..itl.o  Lvilratrd  alkalies  upon  chloral; 

r.  CI".  7.'T..'rm.  Formiato  Potnyh. 


(  .in  1  n    ^  KO.  HO  =  CIICI3  +  KG,  C2IIO3 

il-.r  i:  i^  i:.*-:  r.v.iioisiivnlh- obtained  by  acting  upon  dilute  alcoliol 
\\.:\i  rlJiH:  .•■  wi'  iiii.v  '•!■  :u'biii^  powder..  Wood  spirit,  acetone, 
•  .  '.I  is:!| «  :.:i;.r.  ai.«I  Uiiuiv  fs^ential  oils  yield  it  likewise  luidtr 
T  ..  i:.n^;.  ;.«  r  K  I  ilii  vivir'  i.t"  lime.  Cliloroform  is  readily  pn)curcil 
J..  :i  -T:;:".-  «!  ;'iii:y  1>\  tbi-  Inllowinjj:  process:  6  jNirts  of  chloride 
'.!  Ir.m-.  24  !■:;!  t-  *'i  ^^:lt(  r.  Mil  I  part  of  alcohol  are  to  be  mixed  iu 
ix  r:r|. ::<•;...-  ht.!!.  M.d  :\,r  ii Ti:pcnitiire  raised  as  rapidly  as  jiossible 
tlil  it  n  :n]nH  i^^  .  Tin-  lii-tilliitioii  is  then  continued  until  about 
jwic  part  ;iiMi  11  halt'  baM'  pa^<ed  over;  the  i)roducts,  eousistiug 
I'l.itHv  (}\'  <-l.N.if»t<.Tm  a*  iniiiiaiiii-d  by  water,  collect  in  two  layers 
ill  tlic  i(<ri\(r — tljr-  rlili.rulDrni  eon>titntin^  the  lower  layer.  It 
-li'HiM  b<'  <lM-aiiTc<l  tVuin  tbi*  acpu-ous  portion  and  agitated  with 
oil  fit'  \itriui  ill  onbr  to  (le>ir()y  traees  of  volatile  oils  which  ac- 
foni|i!iiiy  it  ;  by  aru;tb<T  netitication  it  is  obtained  in  a  state  of 
jniiJfy. 

(  lilurororrii  i>»  a  rolourle<s,  volatile  lifpiid,  of  high  refracting 
|ifi\\<r,  I  lie  builiii^i^  |M)int  of  which  is  142"  F.  It  has  a  powerful 
a;'!' i;ilil<-  f  III!  n  al  odour,  and  a  sweet  ])enetratin»^  taste.  Alcohol 
iiiiil  itlii  r  ih'.  nl\r  it  in  t-very  proportion,  but  it  is  very  sparingly 
*iduldr  in  \\:ih  r  ( '«iiH'rntratc(l  siilphurie  aeid  has  no  action  upon 
it.  anil  r\i  II  p'll.i  iiini  dues  not  oeeasioii  its  decomposition.  It  ii 
inllaniifl  uitli  iliilu  mIi>,  and  burns  with  a  green  ilame.    By  mixing 
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it  with  an  alcoholic  solution  of  potash  it  is  decomposed ;  chloride 
of  potassium^  and  formiate  of  potash  being  produced  : — 

Chloroform.  Formiate  of  PotMh. 

C,IlCl3  -f  4  (KO,  HO)  =  3  KCl  +  KO,  C2IIO7+  4  HO. 

Aqueous  solution  of  potash  does  not  produce  this  change^  owing 
to  the  sparing  solubility  of  chloroform  in  water. 

The  vapour  of  chloroform  possesses  the  remarkable  power  of 
producing,  in  the  person  who  has  respired  it,  complete  temporary 
insensibility  to  pain.  It  may  he  readily  inhaled  for  this  purpose 
by  placing  a  small  quantity  of  the  liquid  upon  a  s[)onge  or  a  hand- 
kerchief which  is  to  be  held  before  the  mouth  and  nostrils.  Pro- 
fessor Simpson,  of  Edinburgh,  has  the  merit  of  having  been  the 
first  to  apply  this  property  to  the  alleviation  of  human  suffering ; 
and  since  the  period  when  he  showed  its  efticacy  for  this  pur|x)se, 
it  has  been  extensively  employed  for  rendering  patients  insensible 
to  pain  during  severe  surgical  operations. 

It  is  of  great  importance  that  the  chloroform  used  for  this 
purpose  should  l)e  quite  pure.  In  some  cases  it  has  been  found 
when  exposed  to  a  strong  light  to  have  undergone  spontaneous 
decomposition.  It  ought  to  communicate  no  colour  to  oil  of 
vitriol  when  agitated  with  it.  The  li([uid  itself  should  be  free 
from  colour,  and  it  should  be  jKirfectly  destitute  of  any  chlorous 
odour.  When  a  few  drops  are  allowed  to  evaporate  on  the  hand 
no  mipleasant  odour  should  be  left. 

Chloroform  has  been  regarded  as  anhydrous  formic  acid,  in 
which  the  three  equivalents  of  oxygen  are  displaced  by  chlorine : 
but  the  mode  in  which  it  is  obtained  by  substitution  from  chloride 
of  methyl  shows  that  this  cannot  Ije  its  true  constitution ;  it  ])ro- 
bably  ought  to  be  regarded  as  the  homologue  of  methylic  ether  in 
which  two  of  the  equivalents  of  hydrogen  are  displaced  by  chlo- 
rine, C2H3CI,  becoming  C^r,.  ^  CI.  If  distilled  in  a  current  of  diy 
cldorinc,  chloroform  is  wholly  deprived  of  hydrogen,  and  yields 
bichloride   of  carbon  (326),  and  hydrochloric  acidj    C^.,,  [  CI  + 

2  CI  =  c,cu  -f  nci. 

Chloroform  freely  dissolves  sulphur,  phosphorus,  and  iodine. 
It  is  also  a  good  solvent  for  fatty  and  resinous  bodies.  No  other 
liquid  is  so  perfect  a  solvent  for  caoutchouc,  which  is  left  unaltered 
by  it  on  evaporation.  Lower  chlorides  derived  from  wood  spirit 
having  the  formulae  (C2HCI2)  and  (C2HCI)  have  also  been  obtained. 
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Iodoform  (CjlIT,),  is  a  solid,  of  a  yellow  colour,  in  which  3 
('(luivjilcnts  of  iodiiu*  occupy  the  place  of  the  chlorine  in  chloro- 
i'orin.  A  corresponding  compound  with  bromine  may  likewise  be 
I'onucd. 

§  VI.     Ox  TiiK  Hydrocarbons  derivable  from  the 
Alcohols. 

(1020)  Allusion  has  already  been  made  to  a  series  of  hydrc- 
cnrboiis  homologous  vith  olcfiaut  f^as,  which  arc  derivable  from 
t*u*  aleohols,  and  the  pr(x?css  of  preparing  olefiant  gas  itself  hs 
been  described  (^99).  But  besides  tlic  homologncs  of  olefiant  ga^, 
two  additional  series  of  hydrocarbons  may  be  obtained  from  the 
alcohols  ;  for  the  knowledge  of  these  compounds  we  arc  indebted  to 
the  ri'searches  of  Kolbe  and  Frankland.  One  scries  of  these 
bodies  corresponds  to  the  radicle  of  the  alcohol  2  (C^II„^.j),  the  other 
to  the  hydride  of  that  radicle  (CJI^  +  i,H).  The  table  ou  the 
iol lowing  page  contains  the  more  imi)ortant  members  of  each  of 
these  groups  at  pr(\scnt  known. 

[a)   Hi/drorarbons  homologous  with  Olefiant  Gas  (C^IIJ. 

(1021)  The  compounds  belonging  to  this  series  are  generallv 
fornu'd  by  the  action  of  sulphuric  acid  or  of  chloride  of  zinc  upn 
their  corresponding  alcohols,  from  which  they  differ  by  containing 
the  elements  of  two  e(puvalcnts  less  of  water;  for  instance, — 

Ali'.'lu)!.  Olcfimnt  Gm. 

(fiiro,      -      2  no      =      C4H4;  and 

FoiiMi-l  oil.  Amjlene. 

Ci^I^O,      -      2  HO      =      Cjjli'o. 
They  may  also    l)e   obtained    by  the  decomposition  of  the  hvdro 
chloric  ether  of  the  particular  alcohol  by  exposing  it  to  an  elevated 
t(Mnperature ;  under  these  circumstances  the  ether  is  resolved  into 
hydrochloric  acid,  and  the  hydrocarbon  of  the  alcohol,  thus; — 

ClUoruU'  ..f  Mrthyl.  Mot l.y lone. 

clTlJ;!     yields     cTll^^     +      IICl;    and 

Cliloridi'  «.r  Kthyl.  Olfflnnt  (ia«. 

clTitci,  becomes  cTlT^  +  IICl. 
The  formation  of  these  comp(nuids  however  does  not  appear  to 
consist  simply  in  th(5  abstraction  of  water  from  the  alcohol ;  for, 
in  some  cases,  the  substance  w  hicli  is  obtained  has  a  vapour  density 
double  of  that  which  the  corresponding  hydrocarbon  should  possess: 
when,  for  instance,  fousel  oil  is  distilled  with  sulphuric  acid,  the 
hydrocarbon  which  is  liberated  is  not  amylene  (Cionio)^  for  it  has 
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r.  t»  IIYIlKOCARroXS    HOMOLOGOUS    WITH    OLEFIAXT    GAS. 

Ill:  urpiiu*  c'<Mi(lrns:iiu)n,  and  lias  bccu  cxinvcrtcd  into  the  [X3kiiu:rj 
j  ;i:;uii\ltiu'  (  ...,11...,  ,  the  vapour  of  wliich  has  a  density  exa^-^lT 
tl'iuMr  i)i"   that  of   the   true  amvleiic   obtained  bv  distilHut' tou^' 

•  •  o  ■ 

nil  with  i-hlori»lr  of  /inc. 

('(•n-^ickiiiljK'  (lithrrnce  of  opinion  exists  as  to  the  rarif'nal 
(•  )'!>titnti«»n  of  thrse  hydi-oearl)ons,  wliicli  ai-e  regarded  hv  Liek 
a-  liydihlrv  df  the  radich's  of  the  fatty  aeids ;  thus  he  rfprcseui? 
ohiiant  «:a.s  a>  (•(.n>i>tin^^  of  [C^U-^,  11),  or  as  fiydritle  of  arttd 

Tlu-  liydrncarlunis  of  this  class  conibine  readily  with  anlmm.i:< 
snljihiiric  acid,  and  with  ])crchloride  of  antimony  :  they  an-  ai>o 
>\n\\\y  al)M)rljfd  hy  oil  of  ^itl•i(Jl  >vhen  briskly  agitated  with  it.acii 
the  Mijutiou  \^hcn  diluted  \\ith  water  aiul  distilled,  yields  the  corrv- 
>inndin;r  ah-oln»l.  These  hydr(X»arlK)ns  also  conibine  with  m 
<(iui\aliiits  of  cliloiiiu*,  hrouiine,  and  iodine,  forming  conipouud* 
\ihi(h  cornvpond  with  Dutch  li(piid  in  composition,  and  fna 
A\hi(h  a  >iiiiihir  scries  of  suhstitutiou  products  may  be  obtaiiieii: 
f»)r  exanij)l(?, 

Kthylic  Dutch  liquid  C\  IIi  CL,  or  C^  II.,  CI,  HCl. 
'rrit\  lie  do.  do.  Crt  II«  CU,  or  C^  11-  Cl'  IICL 
Aiu\lic     do.       do.     Ci„lIi,.Cl.,  or  C,oUnCl,  IICl. 

The  followin^^  an*  the  more  ini])ortant  of  these  hydrocarbons  :— 

I.  MctlnjUm'  (C\H^).  Dumas  and  Peligot  obtained  this 
liiiMons  l)ody  i)y  trausn\itlin<(  the  gaseous  cliloridc  of  nicthvl 
throii^ih  a  red-hot  porcelain  tube;  (^l^jCl  becoming  C^ll.,  +   HCL 

^.  ICt/.iihm\  OlrJiuHt  Gas,  or  Kthijl  [C ^\l^  lias  already  l)etu 
(l( xrilu'd  (  ]cy(y).  It  i.s  produced  ahuudantly  during  the  drj'  distil- 
hiiion  of  pit  coal,  and  of  many  fatty  and  resinous  lK)dies.  It  i> 
ihe  ])rincipal  luniiiKius  constilucut  of  eoal  gas.  AVheii  i^equired  iu 
a  slate  of  jjurity  it  is  always  obtained  by  decomposing  alcohol  bv 
means  oi'  sulphuric^  acid  in  excess. 

?.  Tntnl(iK\  Projnjli'iiv  (C\.1I,;),  >>.  gr,  1-498.  Reynolds  ob- 
tained this  ;ras  mixed  with  marsh  gas  and  some  other  comijouud?, 
hy  decomposing;  the  vai)ours  of  fousel  oil  by  transmission  throu'^h 
a  porcelain  tid)e  heated  to  redness;  but  it  is  best  procured  by  the 
action  of  iodide  of  phosjdiorus  (PL)  upon  glycerin  [note,  IJ47). 

4.  Tvinjhne,  Biffi//('/u%  or  Oil  Has  [{\\\^),  has  been  alreadv 
described  (405).  This  gas  was  ascertained  by  Faraday  to  be  ouc 
of  the  products  furnished  by  the  destructive  (hstillation  of  oil ;  and 
it  ai)pears  also  to  be  contained  amongst  the  products  of  the  distil- 
lation of  caoutchouc.  It  was  afterwards  obtained  by  Kolbe  during 
the  voltaic  decomposition  of  valerate  of  potash ;  and  by  Wupta  as 
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one  of  the  compounds  produced  by  the  action  of  chloride  of  zinc 
upon  tctrylic  alcohol. 

5.  Amylene  (CioHio)  may  be  procured  by  decomposing  chloride 
of  amyl  by  fused  hydrate  of  potash^  or  by  distilling  a  concentrated 
solution  of  chloride  of  zinc  with  fousel  oil ;  or  by  acting  ujion 
iodide  of  zinc  in  a  sealed  tul)e  with  an  amalgam  of  zinc  :  in  the 
latter  case  it  is  mixed  with  hydride  of  amyl.  Amylene  is  a  colour- 
less, very  mobile  liquid,  with  the  odour  of  decaying  cabbage.  It 
boils  at  102°. 

6.  Hexylene  ;  Caproylene  (Cigllij).  This  compound  is  a  colour- 
less liquid  lighter  than  water,  of  a  nauseous,  penetrating,  alliaceous 
odour.  It  is  scarcely 'soluble  in  water,  but  freely  so  in  alcohol 
and  ether.  It  appears  to  act  injuriously  when  respired ;  the  toil- 
ing point  is  13 1^  It  is  obtained  during  the  destructive  distilla- 
tion of  several  fatty  acids  (Fremy). 

7.  Heptylene  or  (Enanthylene  (Ci^Hu)  was  obtained  by  Bonis 
from  the  distillation  of  ocnanthol  (977)  with  anhydrous  phosphoric 
acid.      It  is  a  liquid  which  boils  at  al)Out  122^ 

8.  Octylefie ;  Caprylene  (Cigllie)  was  obtained  as  a  colourless 
liquid,  insoluble  in  water,  and  boiling  at  257^  by  distilling  the 
castor  oil  (octylic)  alcohol  with  sulphuric  acid,  or  chloride  of  zinc. 
The  action  of  potassium  or  of  mercury  on  chloride  or  iodide  of 
octyl  gives  rise  to  the  same  compound ; 

C,«II,;I  +  Hg3  =  Ciellie  +  IlgJ  +  H. 

9.  Nonylene,  or  Elaene  (Ci^lljj  was  obtained  mixed  with 
hcxylcne  by  Fremy,  durin*;  the  distillation  of  several  fatty  acids. 

10.  Paramylene  (CjjoHao)  ^^  procured  by  the  distillation  of 
fouscl  oil  with  anhydrous  phosphoric  acid  in  excess.  Its  boiling 
point  is  as  high  as  320°,  that  of  amylene  being  only  102°.  Fousel 
oil,  it  will  be  seen,  gives  rise  to  three  isomeric  hydrocarbons  of 
this  scries,  viz.,  to  tritylene,  amylene,  and  paramylene. 

[b)  On  the  Hydrocarbon  Radicles  of  the  Alcohols  2  {CJi^+i). 

(1022)  The  first  substance  of  this  class  which  was  obtained  in 
an  isolated  form,  was  the  radicle  of  tctrylic  alcohol,  which  was  pro- 
cured by  Kolbe  during  the  electrolysis  of  valerate  of  potash,  and 
was  by  him  termed  valyl,  2(0^11.,)  ;  other  hydrocarbons  homologous 
with  tetryl,  have  been  obtained  by  the  electrolytic  decomposition 
of  the  salts  of  the  volatile  fatty  acids  (8  7 1 )  ( 1 1 53) ;  and  subsequently 
a  general  method  of  obtaining  these  bodies  was  contrived  by 
Frankland^  who  decomposes  the  hydriodic  ether  of  the  alcohol  by 
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oieans  of  sine,  at  a  high  temperuture  io  sealed  tubes*  Mr.  0. 
William*  has  recently  succeeded  iu  isolating  tetryl,  z  Cgll^,  from  the 
products  of  the  destructive  distillation  of  coal  at  low  temperaturctt^ 
and  he  considers  it  highly  probable  that  several  other  radicles  of 
H  this  class  may  be  found  amongst  the  numerous  hydrocarbons  whicU 
are  formed  during  the  dis^tillation  of  this  minei*al. 

The  hydrocarl)ons  of  this  class  have  not  hitherto  beexi  made  to 

combine  directly  with  chlorine,  bromine,  or  iodine,  so  as  to  repr 

duce  the  corresponding  hydrochloric,  hydrobromic,  or  hydriodii 

ether ;  for  when  exposed  to  the  influence  of  the   halogens,  variou 

substitution  compounds  are  produced.      Some  chemists,  including 

Ilofmann   and   Gerhardt,    when    Frankland    first  announced    thi 

isolation  of  these  compounds,  considered  this  as  a  strong  argumenl 

against  the   admission  of  the  view  that  they  were  truly  alcohol 

icles,  and  they  proposed  to  \*iew  them  as  homologues  of  marsh 

but  the  subsequent  isolation  of  the  true  homologues  of  niai-sh 

gas  which  constitute  the  hydrides  of  the  alcohol  radicles  (J025),  ha 

wcaliened  the  force  of  this  objection.      The  bodies  which  we  ha\t 

termed  alcohol  rachcles,  may  very  consistently  be  regarded  as  ana 

logues  of  hydix)gen  gas,  which  many  chemists  suppose,  when  ii 

free  state,  not  to  be  a  simple  body,  but  a  compound  of  hydi-ogc 

ith  itself,  in  short,  a  hydride  of  hydrogen  ,,  V  and  the  radicle  < 

cohol  may  in  like   manner  be   considered  as  cthylide  of  ethy^ 

f  -ji  r ,  a  view  which  is  now  very  generally  adopted,  and  the  cor 

tness  of  which,  the  discovery  of  the  double  radicles  of  Wurtz  {t 
mch  We  shall  pi^escntly  refer)  may  almost  be  said  to  have  proved 
he  alcohol  rsidicles  are  not  absorlKHl  by  anhydrous  sulphuric  acid 
,©r  by  oil  of  vitriol,  but  are  completely  soluble  in  alcohol. 

Tliese    hydrocarbons  appear   to  belong  to    the   hydrogen  or 

etallic 


I 

istila 

m 


type 


:!}• 


and  are  represented  by  the  formula 


cqinvalcut  of  the  com|KJund  2  (C^H^^^),  yielding  4  volumes 
apoiir.      They  would  therefore  staud  to  the  thii-d  series  of  hydr 
r  >oii!^  (^\M^^..),  which   arc  next  to  be  described,  in  a  relatic 
hoJiiur  to  that  of  ether  to  alcohol,  thus :— 


Etlier. 


Zihyl. 

in 

HjOrideorEihyL 

^1 
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M.  Wurtz  {Arm.  de  Chimie,  III.  xlir.  275),  following  up  the 
ideas  of  Williamson  and  Brodie  upon  the  double  ethers,  has  suc- 
ceeded in  obtaining  compounds  in  which  the  second  equivalent  of 
the  hydrocarbon  is  displaced  by  the  hydrocarbon  of  a  difierent 
alcohol,  thus  forming  a  series  of  double  radicles  corresponding 
with  Williamson's  double  ethers.  If  a  mixture  of  the  hydriodic 
ethers  of  the  two  alcohols  in  equivalent  proportions  be  decom- 
posed by  means  of  sodium^  the  two  radicles  combine  at  the 
moment  of  their  liljcration,  and  form  a  new  double  radicle.  Thus, 
in  the  preparation  of  ethyl-amyl,  the  following  reaction  occurs : — 

lodido  of  Kthjl.     Iodide  of  AnijL  Ethyl  AmjI. 

The  discovery  of  these  compounds  confirms  in  a  striking  man- 
ner the  ingenious  hypothesis  of  Brodie  (Q.  /.  Ctu;m.  Soc,  iii.  411), 
as  to  the  mode  in  which  these  alcohol  radicles  are  produced. 

When  zinc  is  made  to  decompose  anhydrous  iodide  of  ethyl, 
the  first  effect  does  not  consist  in  the  liberation  of  ethyl,  but  in 
the  formation  of  a  new  compound,  zinc-ethyl.  This  stage  is 
rendered  more  evident  by  mixing  the  iodide  of  ethyl  with  its  own 
bulk  of  ether,  in  which  liquid  the  products  of  the  reaction  are 
soluble.     Thus ; — 

Iodide  of  Ethyl.  Zinc  Ethyl. 

C^nj    -f    ZiiZn    =    C^U^ii     -f    Znl. 

Tins  zinc-ethyl  then  reacts  upon  a  fresh  portion  of  iodide  of  ethyl, 
and  thus  the  ethyl  is  produced  by  an  ordinary  double  decomposi- 
tion ;  the  molecule  of  ethyl  from  zinc-ethyl,  combining  at  the 
moment  of  its  liberation  with  the  molecule  of  ethyl  from  the  iodide 
of  ethyl,  as  thus  represented : — 

Iodide  of  Ethyl        Zinc  Ethyl  Ethyl 

If  water  be  present,  the  result  is  the  formation  of  a  hydrocarbon 
of  a  different  kind,  which  may  be  regarded  as  ethyl,  in  which  one 
of  the  molecules  of  ethyl  is  displaced  by  hydrogen.*  In  that  case 
the  decomposition  would  be : — 

Iodide  of  Ethyl  Hydride  of  Ethyl. 

HO     -f     6^1    -f    ZnZn    =    C^^H    +     Zul     +     ZnO ; 
and  Wurtz's  double  radicles  would  be  merely  compounds,  in  which 


•  At  present  no  compound  of  zinc  with  hydrogen  (HZn)  corrcBponding  to 
£inc-othyl  is  known,  though  there  is  nothing  improbable  in  the  existence  of 
such  a  body. 
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tho  ])lace  of  the  molecule  of  hydrogen,  or  of  the  ethyl, 
by  a  diffcTent  hyclrocarlx)n  : — 

lly(lri(lc  of  ethyl       ....      CJI^  H. 

Ethyl  (ethylide'of  ethyl)       .      .      C^JI^,  CjH 

ICthyl-nniyl  (cthylidc  of  amyl)   .      QHj,  CnJ 

It  is  intcrcn^tiiiji:  to  remark,   that    the  lx>iling  po 

cUmblr  railiflcs   rises  gradually  as  the  number   of  e< 

carbon  and  hydrogen  increases,  and  tliat  this  regular  p 

observed  in  the  simple  aleohol  radicles  when  eoinparec 

as  in  the  ti)lli)wing  table ;  the  boilmg  point    and  vapoi 

the  simple  aleohol   radicles  being  such   as   would  the 

a>sij^Micd  to  them   upon  the  view  above  given ;  showii 

the  sini[)le  and  the  double  radicles   are    formed    u^kj 

mohruhir  jilan  : — 


DouMe  Kaaic'losi. 


Formalff. 

(Kach  jrioltliiiK  four  Toliuncs 

uf  vapour.) 


I  I  8     T 

Boiling *^ 

point    I  Vai>ou 

I     Expt.      T 


I 


ni    oth\l)  )  <^s  "lo  — <-4  ^l6.<-4  Ai»  I  — 94  I  2046 

l-tl.yl-totrvl   ■ .     .  r,,TT,,  =  C,  TI, ,  C,  H,  i  143-6     3-053 

i:thvi-ain>i    .   .  (\,n,fi  =  c\  ir^.CioHi,  1 190-4   3-522 

M(Mliyl-lH»xyl  .     .  CiJI,o  =  C,.  lij.CjoHjj  1  179-6?,  3-426 

i.f  t.'trvl)    .     .  (  ^  »«"»'»  =  C„  n,  .  C3  H,  ,  222  8  I  4-070 

T.'tn  l-ainyl      .     .'  CJl.^,  =  C„  11., .  CioHj,  I  269-6  j  4-465 

AiMvl     (AmyliiU')  ^-^    ij         .-1   tt     p   tt     '     ,,  o 

i.ramvl)    .    .)  ^i<»^n'-.'  =  ^i«^ii'^  10^11, 311      4*899 

T«Mryl-hVxyl  * .  ' .  C\,„1L«  =  C«  II,  ,  C.^n,,    31 1         4-9,  7 

I1('X\1  (Hixylido  jf  .,    .J     _p    u      r    Vf       ^«^.P  '  -.    o 

(.f  hcxyl)     .      .  J  ^  -•^*-«       ^>2*^i3.  CijU,,    395  ''  I  5  983 


It  may  further  ])e  remarked,  in  illustration  of  the 
of  the  ori«;inal  moleeidar  arrangement  of  the  eomponer 
thi'se  compound  bodies,  that  Wurtz  finds  that  amyl  p 
rotatory  action  on  a  ray  of  polarized  light  when  it 
these  eompoimds,  ethyl-amyl  displaying  the  power  of 
])olanzcd  ray  to  the  right ;  whilst  amylene,  valeric  aeid 
derivatives  of  amy  lie  alcohol,  in  which  there  is  reason 
that  the  molecule  of  amyl  is  destroyed,  exert  no  rotator 

(io2^^)  1.  Et/tyf  {i\Uo>  ^\^h)  iSp-ffr.  of  gas  2-046. 
mixture  of  granulated  zinc  and  iodide  of  ethyl  is  sealed  up 
glass  tube  from  which  air  has  been  exhausted,  and  expoi 
hiMirs  in  an  oil  bath  to  a  temperature  of  300°,  the  iodi 
is  gradually  deeomi)osed ;  the  sides  of  the  tube  become  c 
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a  white  crystalline  substance^  and  a  colourless  mobile  liquid,  equal 
in  bulk  to  about  half  that  of  the  iodide  of  ethyl  employed,  i» 
formed.  This  liquid  is  a  mixture  of  ethyl,  with  other  hydrocar- 
bons (olefiant  *;as,  and  hydride  of  etliyl,  the  prothict  of  a  secondary 
decomposition),  the  hydrocarbons  having  been  liquefied  by  the 
pressure  of  their  own  vapour,  whilst  the  crystals  consist  of  a  com- 
IKJund  of  zinc-ethyl  (C^H^^,  Zn)  with  iodide  of  zinc.  On  breaking 
ofl'  the  capillary  extremity  of  the  tube  under  water,  the  whole  of 
tlic  liquid  portion  ra[)idly  disap^iears^  and  escapes  in  the  ga.seou8 
form.  By  collecting  the  portions  which  pass  off  laat^  tlie  ethyl,  wliich 
is  the  least  volatile  of  these  gases,  is  obtained  nearly  in  a  state  of 
purity  (Frankland,  Quart.  Journ.  Cfiein.  Soc.  ii.  281}. 

Ethyl  is  a  colourless  gas  with  a  sUglit  ethcreiil  smell;  it  burns 
with  a  highly  lummous  flame.  At  a  temperature  of  o*^  it  remains 
gaseous  under  the  ordinary  atmospheric  pressure,  but  it  becomes 
liquefied  at  38^,  under  a  pressure  of  2^  atmospheres.  Frankiand 
estimates  its  boiling  point  at  about  —9^,  when  the  barometer  stands 
at  30  inches.  Ethyl  is  insoluble  in  water,  but  freely  soluble  in  alco- 
hol, which  dissolves  about  18  times  its  bulk  of  the  gas,  and  gives  it 
off  when  diluted  with  water*  Chlorine  has  no  action  upon  ethyl 
in  the  dark,  but  in  diffused  light  it  immediately  combines  with  it 
and  forms  a  colourless  liquid. 

2.  Methyl  (C'gHg,  CJi^),  Sp.  gr.  vo^6^,  is  a  gaseous  body  which 
bums  with  a  bluish  feebly  luminous  flame  ;  it  is  not  liquefied  by 
a  cold  of  0°  F.  Methyl  is  obtained  by  acting  upon  iodide  of  methyl 
with  zinc,  exactly  in  tlie  maimer  directed  for  the  preparation  of 
ethyh  When  mixed  with  twice  its  bulk  of  chlorine  in  the  dark, 
and  afterwards  brought  into  difi\ised  daylight,  no  change  of  volume 
takes  place,  hut  a  mixture  of  %  volumes  of  hydrochloric  acid,  and 
1  volume  of  a  chloriuated  compound,  CaH^Cl,  is  formed. 

3.  Tetrtil,  Butyl,  or  Vidyl  (C«H«,  CJI^);  Sp.gr,  of  iiquid  o'^o^j 
at  32** ;  of  vapour  4"07o.— This  compound  is  one  of  the  products 
obtained  during  the  electrolysis  of  the  valerate  of  potash.  It 
may  also  be  prepared  by  the  action  of  sodium  iipou  iodide  oftetryl, 
in  a  flask  connected  with  a  vertical  condenser,  so  arranged  that  tlie 
volatilized  products  shall  return  constantly  into  the  flask  as  fast  aa 
they  are  volatilized  and  condenecd.  'V^lien  the  reaction  has  termi* 
nated,  the  tetryl  may  be  distUlcd  off  by  a  temperature  not  exceed- 
ing 300^     Tetryl  boils  at  2220-8, 

4.  Amyl  (CioHj^,  CioHi,);  Sp.  sfv.  at  32^07413;  of  vapour  4-899. 
— Frankiand  oVitaioed  tliis  hydrocarbon  by  heating  iodide  of  amyl 
with  an  amalgam  of  zinc  in  sealed  tubes  for  some  hours  to  a  tem- 
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peratitre  of  from  320''  to  360*"*     It  may  also  he  procured  by  ll 
electrolysis  of  caproate  of  potashj  or  still  more  easily  as  adWsed 
Wurtz,  by  the  action  of  sodium  ou  iodide  of  amyL     It  is  a  colour- 
less liquid^  which  boils  at  3 1 1^,  aud  has  a  somewhat  aromatic  odou 
It  exerts  a  right-handed  rotatory  action  on  a  ray  of  polaiized  ligl 
the  degree  of  which  appears  to  vary  in  different  specimens,  beii 
connected  with  the  power  exerted  by  that  of  the  fouscl   oil   fn 
which  the  radicle  was  prepared,  some  samples  of  fousel  oil  lianii 
a  greater  rotatory  power  thai:  others. 

5.  Hexyl,  or  caproyl   (CjjUis,  CjoHi^)   was  obtained   by   tl 
voltaic  decomposition  of  oenantbylate  of  potash.     It  is  a  liquid 
an  agreeable  aromatic  odour ;  its  boiling  point  is  about  395^. 

(1024)  Double  Hydrocarbon  Radicles, — Ethyi4etryl{CJ 
CaHft),  Sjj,  gr.  of  iitjuid  at  32°,  07011  ;    of  vapour  3-053.-1 
compound  was  obtained  by  decomposing  a  nuxture  of  40  parts 
iodide  of  tetr^b  and  34  of  iodide  of  ethyl,  with  1 1  of  sodium,  in  th 
manner  already  de*^cril>ed  for  procuring  tctryl :  by  distillation  of 
the  product,  coUectiog  that  wliicli  passes  over  between   140"^  an^H 
l55°j  and    again  rectifying  it,  a   mobile  liquid   is   obtained,   th^^ 
lioiling  point  of  which  when  pure  is  fixed  at  I43°'6.      By  a  similar 
method,  employing  mixtures  of  tlie  corrcj^pondiug  hydriodic  ether 
M,  Wurtz  succeeded  in  obtaining  otlier  analogous  compounds,  whic 
are  enumerated  in  the  table,  i>age  194. 

(c)  Hydrocarbons  homologous  with  Marsh  Gas  (C^H^^,  J. 

(1025)  When  tlie  hydriodic  ethers  are  submitted  to  the  actic 
of  zinc  at  a  high  temperature,  olher  hydrocarbons  are  formed 
addition   to   the   radicles   already    described ;  the   alcohol    radic 
itself  undergoing  a  secondaiy  decom|>osition  into  two  hydr 
boDS,  which  are  complementaiy  to  eacli  other.      Ethyl,  for  exampid 
breaks  up  into  olefiant  gas  and  liydride  of  ethyl ;  and  amyl,  in  lik 
manner,  yields  hydride  of  amy  1,  and  a  corresponding  hydi'ocarbou: — 

Ethvl.  Hjdrido  of  EJbyl.        Okfiaai  Gm, 

C^  Hj .  C,  U.     becoming    0,  hTTh    -h     C^hT;  and 

Amyl.  Hydride  of  Amy  t  Amyleno. 

^\J^iv  ^iJ^xx    becoming    C,„Hi,.H     +     C.^R,^,. 
The  hydrocarlx>ns   of  this  clans  are   not   absorbed  by  anhydro^ 
sulphuric  acid  or  by  oil  of  vitriol,  and  are  not  acted  upon 
chlorine  or  by  iodine  in  the  dark,  but  in  diffused  daylight  chlorine 
Blowly  gives  rise  to  substitution  compounds.      Perchloride  of  anti-^j 
mony  is  without  action  upon  them.  ^| 

These  hydrocarbons  may  also  be  formed  by  the  regulated  actioni 
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of  water  upon  the  metallic  compounds  of  zinc  with  the  alcohol 
radicles.     Thus  : — 

M»Mb  Gm,  or 
Zinc  MethjL  Hydride  of  Methyl. 

CjH,  ,Zii    -f    HO    =    C,  H,.H     +    ZnO 

Zinc  Ethyl  Hydride  of  Ethyl. 

C^H,.Zn    +     HO    =    C^Hj.H     -f    ZnO 

Zinc  Amyl.  Hydride  of  AmyL 

Ciollji,  Zn    -f     HO    =    C„H„.  H     -f    ZnO 
Each  of  the  hydrocarbons  of  this  group,  with  the  exception  of 
marsh  gas,  is  isomeric  with  one  of  the  group  of  alcohol  radicles, 
although  not  identical  with  it ;  for  example  : — 

c,  ir,      c.  n, .  n»  \rar«h  Gm 

Methyl .  .  .  an,.  C.IT*  =  C,  U,  =  C,'  H, ,  !!•  Hydride  of  Ethyl 
Methyl-ethyl  .  a ri„  C'X  =C'H^=C.  H,,H  ilyJrideof  Trityl 
Ethyf  .  .  .  CiFI^.C.Hj*  =  C,  ir,„  =  C\  H„,  !!•  Hydride  of  Tetryl 
Methyl-tetryl    C.H^  C^H,    =  CVI,,  =  0^1  „.  U*  Hydride  of  Ainyl 

Those  compounds  marked  with  an  asterisk  have  been  already  pre- 
pared, and  the  others  might  be  easily  procured,  if  needed. 

(1026)  I,  Hydride  of  Methyl ;  ^/>.  ^r.  05596 . — This  compound 
has  already  been  described  under  the  name  of  marsh  gas  (401). 

2.  Hydride  of  Ethyl  (CJI5,  M) ;  Sp,  (jr.  ro75. — This  com- 
pound is  a  permanent  gas,  destitute  of  smell  or  taste.  It  is  in- 
soluble in  water,  but  alcohol  takes  up  more  than  its  own  bulk  of 
it.  The  best  manner  of  preparing  it  consists  in  decom[)osing  a 
mixture  of  equal  jmrts  of  water  and  iodide  of  ethyl,  by  means  of 
zinc,  in  a  scaled  tube,  at  a  temperature  of  about  330°,  as  already 
described  when  speaking  of  ethyl  (1023).  After  the  lapse  of  a 
couple  of  hours,  the  tuljc  is  opened  under  water,  and  the  gas 
escapes  with  great  violence.  It  may  also  be  obtained  by  decom- 
posing hydrocyanic  ether  with  potassium.  The  potassium  is 
placed  in  a  flask,  fitted  with  a  condenser,  and  a  bent  tube  for  carry- 
ing off  the  gas  as  it  is  disengaged ;  the  ether  is  allowed  to 
fall,  drop  by  drop,  u[)on  the  i)otassium,  whilst  the  gas  which  is 
disengaged  is  collected  over  water.  Cyanide  of  potassium  and 
cyanethine  (997)  remain  in  the  retort,  and  hydride  of  ethyl  is 
obtained  in  the  gaseous  state. 

3.  Hydride  of  tetryl  (Cyllj,,  H)  is  one  of  the  products  of  the 
decomposition  of  tetrylic  alcohol  when  distilled  with  chloride  of 
zinc.     It  is  liquefiable  at  a  few  degrees  below  32°. 

4.  Hydride  of  Amyl  {(ui^l^^,\l)',  Sp.  ffr. of  liquid  o'6^S;  of  vapour 
2*5. — ^This  body  was  obtained  by  Frankland  by  acting  on  equal  bulks 
of  iodide  of  amyl  and  water^  by  means  of  zinc  in  a  sealed  tube,  at 
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a  temperature  not  exceeding  300*.  Frankland  considers  it  probable 
that  it  is  identical  with  Eupione,  wliicli  Reicbeubaeh  obtained  during 
the  rectification  of  tbe  products  from  wood-tar ;  and  he  also  tliiuks 
that  it  constitutes  one  of  the  condensibic  hydrocarbons  of  coid  gas, 
a  Tiew  which  has  been  strengthened  by  the  subsequent  experiments 
of  Grevillc  Williams. 

Hydi'ide  of  amyl  is  a  volatile,  mobile,  colourless  liquid,  with 
an  odour  resembliyg  that  of  chlorofonrL  It  has  a  smaller  density 
than  any  other  known  liquid;  it  remains  unfrozen  at  — 11°,  and 
boils  at  86**.  Its  vapour  burns  with  a  brilliant  wliitc  flame, 
without  smoke. 


§  VII.  Organic  Bases  derived  from  the  Alcohols. 

(1027)  Bases  obtained  by  Subsiitntion  from  Ammonia. — Allusion 
has  been  already  made  (1022)  to  the  remarkable  manner  in  which 
tliC  hydrogen   in  ammonia   may  be  displaced  by  the  hydrocarbons 
which  arc  supposed  to  form  the  radicles  of  tlic  alcohols ;    and  in 
consequence  of  this  kind  of  substitution,  compounds  are  produced 
in  which  the  basic  character  of  the   ammonia  is  fully  preserved, 
ami  a  n^i^y^f  scries  of  liighly  interesting   bodies  is   obtained.      Tlie  j 
first  bases  of  this  description  were  procured  by  Wnrtz,  who  found  J 
that  when  the  cyanic  ether^  or  its  polymeride,  the  cyanuric  ether  1 
of  any  of  the  alcohols,  or  the  eorres[)onding  urea  {1007),  was  dis- 
tilled with  hydrate  of  potash,  a  volar  do  base  was  obtained  homolo* 
gous  with  amnionia,  but  containing  the  radicle  of  the  alcohol  corre- 
sponding to  the  compound  Bubjectetl  to  distillation  \  for  example, 


C*rb,  Potaah. 


Metbfl-urea. 


+  2(K0.  HO)  =  ^=^1^  j  N        +         2  (KO,  COJ. 


HfltbjlJm. 


H,(C,IT3)  NX  A  +  2(KO.  HO)  =  *^^«g^  j  N  +  H,T^  +  3(K0,  CO,), 

llofmann  {PhiL  Trans.,  1850)  found  shortly  afterwards  that  tliese 
baees   may  also  be   produced    directly  from   ammonia,    by  acting 
upon   tins   alkali   by  means  of  the  hydriodic,  or  the  hydrobromic 
ethers  of  the   ditlereut  alcohols.       He    obtained    this   result    by  I 
endowing,   in    a  long  sealed  tube,  a  mixture  of  a  concentrated! 
alcoljolic  solution  of  ammonia,   and   the   bromide,  or   the  iodide  j 
derived  from  the  alcohol  which  he  wished  to  examine.    When  this  I 
mixture  was  licated  for  some  hours  in  a  water- bath,  combination 
occurred,  and  an  iodide,  or  bromide,  of  the  new  baac  was  formed. , 
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Tbus^  when  iodide  of  ethyl  is  made  to  act  upon  a  solution  of 
ammonia^  the  following  change  occurs : — 

Amrnoni*.         Iodide  of  Ethyl.  HydriodAte  of  Ethylui. 

H,N      +      C,HJ     =     ^^g|  I  N,  HI. 

Wlien  the  result  of  this  reaction  is  distilled  with  hydrate  of  pot- 
ash^ ethyl ia  is  liberated^  and  iodide  of  potassium  is  formed.  Now, 
if  ethyl  ia  be  submitted  in  a  sealed  tube  to  a  fresh  portion  of 
iodide  of  ethyl,  a  second  equivalent  of  hydrogen  will  be  removed, 
and  an  additional  equivalent  of  ethyl  will  be  substituted  for  it, 
whilst  the  hydriodate  of  a  new  base  (diethylia)  is  formed : — 

EthyliA.  Iodide  of  Ethyl.  Hydriodftte  of  Diothyli*. 

^*g*  i  N      -f      C,H,I      =      ^^^*{J*>   JN,HI; 

and  if  the  hydriodate  of  diethylia  be  submitted  to  distillation 
with  hydrate  of  potash,  diethylia  itself  will  be  liberated.  Tliis 
base  may  in  its  turn  be  treated  with  a  fresh  portion  of  iodide  of 
ethyl,  and  so  the  third  equivalent  of  hydrogen  may  be  displaced 
by  a  third  equivalent  of  ethyl,  yielding  a  salt  which,  when  dis- 
tilled with  potash,  furnishes  a  third  base,  tricthylia  3  (C4ll6)N. 

Each  of  the  alcohols  may  be  made  to  furnish  bases  correspond- 
ing to  each  of  the  foregoing  ethyl  bases ;  thus,  by  similar  methods, 
a  mixture  of  iodide  of  methyl  and  ammonia  can  easily  be  made  to 
yield  mcthylia,  dimcthylia,  and  trimethylia;  and  from  iodide  of 
amyl,  amylia,  diamylia,  and  triamylia,  may  be  formed.  These  bases 
are  all  homologous  with  ammonia,  which  they  closely  resemble  in 
properties.  But  the  action  of  iodide  of  ethyl  does  not  stop  even 
here,  for  it  is  possible,  by  its  means,  to  obtain  a  fourth  series  of 
bases  homologous  with  the  hypothetical  body  ammonium.  (Hof- 
mann,  Phil,  Trans,,  1 85 1 .)  If,  for  example,  a  quantity  of  tricthylia 
be  heated  in  a  tube  with  an  additional  dose  of  iodide  of  ethyl,  the 
two  bodies  enter  into  combination,  and  a  compound,  4  (C4H5)  N,  I, 
analogous  to  iodide  of  ammonium  (II4N,  I),  is  formed;  all  the  4 
equivalents  of  hydrogen  in  the  ammonium  having  been  displaced 
by  ethyl : — 

Tricthylia.  Iodide  of  Ethyl.        Iodide  of  Tetrethylinm. 

'  3icX)^      -f      C^H^     =      4(C,H,)N.i: 
The  iodide  thus  obtained  is  a  crystalline  substance.     It  is  not 
possible  to  obtain  the  base  tetrethylium,  4  (C4ll6)N,  in  a  separate 
form ;  since,  like  ammonium,  it  immediately  undergoes  decompo- 
sition; but  if  the  iodide  be  treated  with  freshly  precipitated  oxide 
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decomposition  eii  sixes,  iodide  of  silver  is  formedj. 
4ydhi#crf  aride  of  tetrethylium  is  liberated  : — 

Ntot^l^teM.  Hjdnileil  Oxide  of  TetrclhjlitiBi- 

iiC^H*)^,  I     -h     AgO.no     -     Agl     -f    4  (C;HJ  N.  O,  HQ, 
JX  mi^t  liave  been   auticipated  tliat^  under  these  circu instances, 
Mx^Kkylium  should  have  been  resolved  into  triethylia  aud  alcohol, 
|iM  US  mmniouium  becomes  broken  up  into  ammonia  and  water 
mhm  similarly  treated  :  thus,  since 


H4XI    -h    AgO,  HO  yields  Agl    +    ]^  i  O, 


-f-    H,N ;  BO  aUo 

Akobol  Trivtiijli^ 


4(i\H JNI  +   AgO,  no  should  become  Agl  -h  *^*^*  I O,  +  3(C,HJN ; 

but  stieh  is  not  the  case ;  the  new  compound  is  very  stable,  and 
evaporation  of   the    sohition,    the    hydrate  of  the   new   I 
be    oljtaiued   in   crystals,    which,   like   those  of  hydrate  of" 
1^  absorb  water  and  carbonic  acid  from  the  atmosphere,  and 
iCss  the  caustic  action  of  potash,  combined  vnth  a  bitter  tasi 
that  of  quinia.      This   base  forms   the  type  of  a  ixnmeroi 
which   arc   analoi^ous  to  it  both  in  composition  and  in  p; 
yirlies*      Hydrated  oxide  of  tctrethylium,  in  common  with   manyr; 
like   it,   such    as   the   hydrated    oxide  of   tetramethyliui 
n3)N0,  1 10),    is   sufliciently  powerful   to   saponify  the   oila 
aiid   to  precipitate  the   metallic   oxides   from  their  salts,  just  as 
^Ush  does.     It  forms  crystal lizable  salts.    These  bases  difier  in  a 
rked  manner  from  such  bases  as  cthylia,  dicthyliaj  and  triethylia,       g 
I  i>f  which;  like  anunonia,  are  volatile  without  dcconqmsition.   Tho^H 
ydratcd  oxide  of  tctrethylium,  and  others  which  resemble  it,  how-^^ 
cr,  cannot  be  vohitilizcd  without  undergoing  decomposition,  in 
li  case  they  are  converted  into  water,  a  hydrocarl)ou  homologous 
ulefiant  gtus,  and  a  volatile  alkali  corresponding  to  triethylia  :— 


livdratfdi 


Ol*-0«nt  6u. 


TritflbfliA. 


4(C^Hs)^'0,  HO     =     2HO     H-     C,H^     + 
l^mnionia  is  thus  capable  of  originating  two  classes  of  bases, 
being  vohitile,   and   corresponding  in   properties  to  ammontai 
the  other  set  lixed,  resembling   hydrate  of  potash   in   pro-i 
g,  and  corresponding  to  hydrated  oxide  of  ammoninm. 
It  phifTiffHa  (CV^H.y,  Ih_jN)jOr  anllijie,  as  it  is  commonly  termed|l 
t'Uiployed  iusti^ad  of  ammtiuia,  a  corresponding  series  of  bases  ^ 
lie  ol>taincd  from  it,  in  which  the  two  equivalents  of  hydrogen 
I  be  successively  displaced  by  one  of  the  alcohol  radicles;  aud  J 
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filially^  the  compoiind  may  be  converted  into  an  ammoniiira  base 
by   the  actiou  of  another  equivalent  of  iodide   of  ethyl ;    thua 

aniline  (or  phenylia)        H   y  N^    becomes,    when    treated    with 


iodide     of     ethyl,     successively,     i.  ethyl-phenylia 


C.JT5 


C,JL 


3.  and   finally,   hydrated  oxide  of 


N,  O,  IIO. 


2,  dictlijl-phenvlia  C^  H^ 

tricthylphenylinm    ,*      ' 

Dr*  Ilofmann,  in  the  further  invent igation  of  this  remarkable 
method  of  preparing  artificial  bases,  found  that  each  of  tbc  three 
equivalent"^  of  hydrogen  in  ammonia  might  Ije  displaced  by  a 
diflerent  alcohol  radicle.  Thus  it  was  possible  to  obtain,  first, 
methylta,  by  the  action  of  iodide  of  methyl  upon  ammonia;  then 
by  acting  upon  mcthylia  with  iodide  of  ethyl,  the  compound 
methyl-ethylia  (corresponding  to  diethylia)  was  formed, 

"n  In   +  c,H,i    =    cX'n,  HI; 

II  J  H  J 

and  on  distilling  this  hydriodate  of  metliyl-ethylia  with  hydrate  of 
potasli,  the  new  base  was  liberated.  Now,  if  methyl-etliylia  were 
treated  with  iodide  of  amyl,  a  compound  corresponding  to  tri- 
ethylia  was  formed,  but  containing,  in  the  place  of  the  three  equi- 


^  aleuts  of  ethyl,  3  ditfcrent  alcohol  mdicles,  thus  : — 


ntdricKiate  of 
r — '- *-  V 


Hydn*>diit*  of 
Mi^thy  J  -  et  byl'jinii|rli«. 


N,  HI. 


k  Mill 

^H  e.H,  [  N.  HI      +      C,,H„I      =      C.  H. 

f  Hofmann  has  even  succeedcfl  in  obtaiiiiug  an  ammonimn  base, 

derived  from  auiliiic,  cont.aiDiiig  4  ditf'crcut  hydrocarbon  radicles, 
and  to  which  the  unwieldy  name  of  hydrated   oxide   of  nictliyl- 
ethyl-araylo-phenylium  must  be  assigned ; — 
C,  H., 


N,  O,  HO  =  C»Hj,NO,  HO. 


win  Mt  be  ofoiookcd  that  if  tlie  ordiiitfy 
lUniiiihmT  to  be  eonpomids  of  samnNUum,  the 
l^ml^  y4  dit  tibe  btiei  derived  finon  amoicaiBi  oagbi  Id  be  ccmsideral 
^  fru.ii  iW  «Mie  |0iBt  of  inem  ;— If  hydriodale  of  mmmoiiiB  be  le- 
v5  iodide  of  snunoiiiamy  hjdriodate  of  etbjrUa  aboold  be 


I  etbjliaiiiy  mnd  the 
■ii«m  would  be  smplf 
Lioiiium  bases  are  kBOWB : — 

{CJIJ  H,  K*  HI  = 


and  Aonienclaiure  of  the 
ikm;  wo  hydriodatoa  wt 


a(C,H.)  H.  JC,  HI 

3(C^i)  K.  HI 
Oti4c«fTctff«<%fiau 


(C,HJ  Hp*\  I 
J<C,HJ  H,X,  I 


3(C^H  j  H:!r,  I 


(waatmg.) 


4lC^H,)  S.  L 


In  this  work,  howerer,  for  the  aake  of  marking  the  disli 
tfOK  between  the  volatile  and  the  fixed  bases^  the  termination  I 
will  be  reaerred  for  auch  bases  as  are  formed  upon  the  type 
ojdde  of  am  mom  urn. 

An  im|K>rtant  circumstance,  in  relation  to  the  molecul 
eonstiintioD  of  ammonia,  was  elicited  in  the  course  of  these  i 
TCstigaiiotia.     Let   the  three  equi\iilents  of  hydrc^en  in  am 

h 
be  repreaeoted  by  the  letter*  h,  H  and  H;  and  let 


H  In  = 

H  ) 


mouia:— it  might  be  supposed  that  the  three  different  equiralent 
of  hydrogen  /i,  II,  and  //,  in  the  molecule  of  ammonia,  mi^ht 
have  a  dilTeretit  function  to  perform  iu  the  alkaline  group.      Sup 
poee,   then,   that  a  derivative   base    were  formed^   in   which    tfc 
equivalent  of  hydrogen   h  were  replaced   hy   a  radicle  called 

X 
forming  a  new  base  U  ^  N ;   the  other  equivalents  of  hydrogen,  H 


hIn; 

H) 


and  Nj  admit  of  being  displaced  respectively  by  other  radicles,  Y 
Z-    Suppo!^%  for  example,  that  X  reprcisents  phenyl  (C^Al^),  Y,  am; 
and  Z,  elliyl  ;  the  question  is,  whether  the  same  com|>ouud  will 
formed  indinhently  when  amyl  is  sulxstituted  for  H,  and  ethyl 
//,  or  when  etliyl  *Mpplie6  the  place  of  U,  and  amyl  of  i/.    Whether, 
in  fact,  there  will  be  any  perceptible  diticrciice  if  the  compound 
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obtaiiied  in  the  form  of  Y  >N ;  or  of  Z  >N.    To  decide  this  point 

Z)  Y) 

Dr.  Hofmann  carefully  compared  the  properties  of  amyl-ethylo- 
phenylia  (C22H17N),  prepared  by  acting  upon  amylo-phenylia 
C12H5  *) 

by  bromide  of  ethyl  (C^HjBr),  which  would   yield 


H„JN, 
!ioH„  [  N, 


C«H5  ") 


with  the  compound  ethyl-amylo-phcnylia  C^ 

CM 

formed  by  decomposing  ethylo-phenylia  C^  Hg  >  N,  with  bromide  of 

hJ 

amyl  (CioHuBr) ;  but  the  two  substances  comported  themselves 
alike  in  all  respects.  The  two  bodies  thus  obtained  are,  therefore, 
not  only  isomeric,  but  identical,  and  the  functions  of  the  two 
equivalents  of  hydrogen  H  and  H  in  ammonia  must  be  similar. 
The  case,  however,  is  very  different  if  alkalies  be  compared  toge- 
ther which  have  the  same  empirical  formula;,  but  which  have  been 
produced  by  the  substitution  of  dissimilar  alcohol  radicles. 

In  order  to  render  this  evident,  it  will  be  necessary  to  allude 
to  a  series  of  bases  obtained  by  a  totally  different  method.  The 
researches  of  chemists  have  gradually  proved  the  existence  of  a 
series  of  hydrocarbons  which  arc  homologous  with  benzole  (CijHe), 
and  each  of  these  hydrocarbons  when  treated  first  with  nitric  acid 
and  subsequently  by  hydrosulphate  of  ammonia,  or  some  other 
suitable  reducing  agent,  has  yielded  its  corresponding  base,  so  that 
we  are  now  in  possession  of  the  following  hydrocarbons  and  their 
derived  bases : — 


Hydrocarbons  (C„F„.,) 

I.  Benzole ^la^^e 

3.  Toluole C.JL 

3-Xyioie c,.n,„ 

4.  Cumolo ^ih'Ms 

5.  Cymolo Cjglli^ 


Base  (C,n,.,N) 


I.  Aniline    . 
3.  Toluidine 

3.  Xylidine 

4.  Cumidine 

5.  Cymidine 


c„n,  N 


Toluidine  has  the  same  composition  as  methylaniline ;  xyli- 
dine  as  ethylaniline,  and  cumidine  as  met hylcthylani line.  These 
pairs  of  substances  are,  however,  only  mctamcric,  they  are  not  iden- 
tical. Toluidine  is  a  fusible  crystalline  solid,  which  boils  at  388^, 
and  yields  stable,  sparingly  soluble  salts,  with  most  of  tlio  acids^ 
including  a  beautiftd  crystallizablc  double  salt  with  ohlorido  of 
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platiEiira.      Metlijlaniline  is  au  oily  liquid  which  l)oila   at   577*; 
while  its  salts  are  distinguished  by  their  solubility  and  the  facilityj 

with   which  they  are  decomposed;  aniline  being  reproduced;  its  I 
platinum   salt   is   of  a  pale   yellow  colour,  and  be^ns  to  blacken 
almost  immediately  after  its  formation  :  w  hilst  tolutdine  doea  not 
yield  aniline  under  any  kiiowu  circumstances.    The  properties  of 
cumidine  and  ethylauiline  though  both  are  liquid  at  ordinary  tem- 
peratures are  not  less  distinct.     Again,  it  is  possible  to  introduce  i 
an   equivalent  of  ethyl  into  tokiidine;  one  of  the  equivalents  ofj 
hydrogen  which  this  biise  contains   being  readily  eliminated  when 
the  alkali  is  treated  with  iodide  of  ethyl.     The  ethylo-toluidiue  j 
thus  obtained  is  a  third  alkali  isomeric  or  metaraeric  with  cumi-  ' 
rline,  yet  poj^sessed  of  pixjpcrties  quite  distinct  from  it.    Thus  it  is 
evident   that  tliree  diUcrent    alkaloids   are   already  known,   all  of 
which  1WSSCS8  the  empiricid   formula   Cj^UiaN  ;    and   there   is  no 
doubt   that  besides  these,  three  other  bases  each  having  the  same  i 
erapirical  forraulaj  and  the  same  combining  equivalent  could  readily 
be  obtained  ;  yet  each  of  these  new  bases  would  difter  in  constitu- 
tion  from   the  foregoing   bases  and  from  each  other;  they  would  I 
also  probably  be  found  mutually  to  dilier  in  properties.      The  first  | 
of  these  new  bases  (metbyio-xylidine)  might  be  formed  by  insert- 
ing an  equivalent  of  methyl  into  xylidine ;  the  secoiul  (dimethylo- 
tohiidine)  would  be  formed  by  sidjstituting  2  equivalents  of  methyl  J 
in  tolnidinc  for  %  equivalents  of  hydrogen  ;  the  third,  trityl-auilineJ 
would    be   obtained    by    corabining    trityl    (Chilly),  the  radicle  ofj 
tritylic  alcohol  (C^UjO,  IIO),  with  aniline.     The  six  bases  meta*J 
mcric  with  cumidiue  would,  therefore,  have  the  composition  which 
is  represented  in  the  following  table  : — 


Cunijdintf, 

H      N 
H    i 

EtbTlo'tuluidinv. 


N 


C„H, 


C„II 


UaiCi  not  jfet farmed. 
M«tb jId*  xjlidiiie. 


Dim^thy  lu-toluidine. 


The  manner   in  which  tolu'dine  and  other  bases  not  derivi 
from  the  alcohols   admit  of  being  attacked  by  the  hydriodic  auA| 
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hydrobromic  ethers  shows  that  the  action  of  these  ethers  upon  the 
different  bases  affords  a  most  important  means  of  examining  and 
dissecting  these  various  compounds ;  and  it  has  been  found  to  be 
applicable  to  organic  bases  both  of  natural  and  artificial  origin. 
Within  the  few  years  that  have  elapsed  since  Dr.  Hofmahn  first 
showed. the  applicability  of  these  reagents  to  this  purjx)se,  exten- 
sive use  has  already  been  made  of  them  in  such  examinations. 

(1028)  Hof mannas  Classification  of  Organic  Bases, — Ilofmaim 
has  proposed  to  classify  the  various  new  bases  which  may  be  pro- 
duced by  these  methods  of  substitution,  under  the  heads  of  amido^ 
gen,  imidogen,  niiriie,  and  ammonium  bases.  Amidogen  bases  are 
those  which  may  be  regarded  as  still  retaining  2  equivalents  of  the 
hydrogen  of  the  original  ammonia,  one  equivalent  only  of  hydro- 
gen having  l)een  displaced  by  a  hydrocarbon.  In  the  imidogen 
bases  the  substitution  has  proceeded  a  step  further ;  one  equivalent 
of  hydrogen  of  the  original  ammonia  only  being  left ;  whilst  in 
the  nitrile  bases  none  of  the  hydrogen  of  the  ammonia  remains. 
In  the  ammonium  bases  a  fourth  equivalent  of  a  hydrocarbon  is 
superadded,  and  takes  the  place  of  the  fourth  equivalent  theoreti- 
cally assigned  to  ammonium.  All  the  ammonium  b&ses  while 
separated  from  their  salts  contain  at  least  one  equivalent  of  water, 
and  they  are  therefore  only  known  in  the  form  of  hydrates.  The 
table  on  the  following  page  will  afford  an  illustration  of  the  mode 
of  classifying  the  different  bases  upon  this  principle. 

There  can  lie  no  doubt  that  in  certain  cases  the  vegetable  alka- 
loids (1059)  as  they  exist  in  the  plant,  are  formed  upon  the  type  of 
ammonia ;  though  in  the  present  state  of  our  knowledge  upon  this 
subject  we  are  far  from  warranted  in  drawing  the  general  conclusion 
that  such  is  their  constitution  in  all  instances.  The  two  bases  last 
mentioned  in  the  table,  viz.,conia  and  nicotia,  are  the  natural  volatile 
alkalies  contained  respectively  in  hemlock  and  in  tobacco.  On  treat- 
ing conia  with  iodide  of  methyl,  two  comiwunds  were  formed,  the 
simpler  of  which  may  be  considered  as  a  nitrile  base,  and  the  more 
complicated  as  an  ammonium  base ;  conia  itself  being  regarded 
as  an  imidogen  base  in  which  the  group  (Cmll,i)  has  displaced 
2  equivalents  of  hydrogen,  and  this  view  is  indicated  in  the 
notation  by  the  marks  (")  which  follow  the  hydrocarbon.  It 
is  possible  that  this  hydrocarbon  may  itself  lie  composed  of 
(C^Hy)  (C^Hy),  so  that  each  equivalent  of  hydrogen  may  have 
been  displaced  by  the  group  (Cglly).  Nicotia,  on  the  other  hand, 
must  be  regardcMl  as  a  nitrile  base,  in  which  the  3  equivalents 
of  hydrogen  in  ammonia  have  been  displaced  by  the  group  (C^qH-)^ 
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which,  therefore,  as  Ijcing  equivalent  in  combining  power  to  H,,  is 
marked  (Cirtll;)"^      Tliere    are  various  ways   in  which   it   is  cou- 

■  ceivjihle  that  this  hydrocarbon  may  be  composed,  such  as  (C|lIo, 
C3H3,  C^H^)  or  (('4H2,  €4112,  CjHa),  but  tlterc  is  no  reason  for 
preferring  any  one  of  these  possible  combinations,  nor  is  there  any 
proof  that  the  compound  (Ci^Hy)  is  to  be  considered  as  dimible  into 
'  other  hydrocarbons.  Andci-son  and  Gerhardt  have  each  suggested 
H  that  there  may  exist  in  organic  bases  and  in  other  compounds  more 
or  less  analogous  to  tlieoi,  monobasic,  dibasic,  and  triba&ic  hydrocar- 

*bons,  or  rather  hydrocarbons  respectively  equivalent  to  11,  H^^  and 
Hjj  just  as  chemists  have  long  been  in  the  habit  of  admitting  the 
existence  of  monubaeic,  dibasic,  and  tri basic  acids  (460),  requiring 
for  saturation  oxides  containing  M,  M^,  or  M^  (M  representing 
hydrogen,  or  a  metal).  For  the  further  prosecution  of  this  subject 
the  reader  is  referred  to  the  papers  of  Anderson  {Trntat.  Roy.  Hoc, 
Edinburgh,  xxi.  231) ;  and  Gerhardt  and  Chiozza  {Ann,  de  (Jhimie, 

[III.,xlvi.  167). 

(1029)   BdJies  obtained  from  pho»phirett€d,  arHeniirreiied,  and 
QntimoninrHied  hydrofjen. — The  first  column  of  the  table  of  bas^ 

I  just  given  inchidcs  three  substances  which  do  not  possess  basic 
properties,  but  which  present  the  closest  analogy  in  composition 
with  ammonia;  viz.,  pliosphuretted,  arse niuret ted,  and  antiraoniu- 
rctted  hydrogen.  The  latter  has  never  been  isolated  in  a  state  of 
sntlicicnt  purity  to  admit  of  a  satisfactory  analysis;  but  there  can 
be  little  doubt  that  it  possesses  the  com|>osition  assigned  to  it  in 
the  table  ■  since  when  the  gas,  diluted  as  it  always  is  with  hydro- 
gen, is  transmitted  tlirough  a  solution  of  nitrate  of  silver,  an 
antimonide  of  silver  having  the  compoi*ition  iVg^jSb  is  precipitated, 
and  it  would  not  be  easy  to  account  for  the  formation  of  this  com- 
pound if  the  gas  had  any  other  composition  : — 

3  (Ago,  NO,)  +  n,Sb  =  3  (HO,  NO,)  +  Ag.Sb, 

Phosphnretted,  arscniuretted,  and  antiraoniuretted  liydrogen  may 
therefore  be  considered  each  to  contain  3  equivalents  of  hydrogen, 
and  one  equivalent  of  their  characteristic  components  j  and  they 
maybe  looked  upon  as  analogues,  or  representatives  of  ammonia,  in 
which  the  nitrogen  has  been  displaced  respectively  by  phosphorus, 
arsenic,  and  antimony.  Widely  as  these  three  elements  difler  from 
nitrogen  in  their  separate  form,  they  yet  exhibit  a  ronsiderable 
analogy  with  it  in  their  mode  of  entering  into  conibination ;  all 
three  of  them  forming  not  only  corrcs^jonding  com|K)und«  with 
hydrogen,    but,    like   nitrogen,  all   of  them   yield   vdih  oxygen 
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iiowcrful  acids  wbicli  contain  5  equivalents  of  oxygen;  the  anhy- 
drides beiug  respectively—  -■ 
Nitric  aiiliydridc   *           .          ,          .      NO5 
Pliospboric  .          .          .          •          .     PO^ 
Arsenic        ,          ,          ,          .          .     AsO^ 
Autimonic   .           .           .          .           ,      SbO^. 

Neither  arseniiiretted   nor  antinioniuretted  hydrogen  exhihil 
any  basic  properties^  and  the  only  indication  of  basic  power  in  tli 
^j^ge  of  phospbiiretted    hydrogen    consists    in   the    formation 
volatile  crystalline   bodies  Tiitb  bydrobromic  and  hydriodic  acid 
(3^5);  yet  it  lias   been   shown  by  P.  Thenard  {Compter  Rcndui 
3£Xi,    144,    XXV,    892),   that    if   the    hydrogen   of    pbospburette 
hydrogen    be   displaced   by   metliyl   or   by  ethyl,  powerfid 
mm  be   piNXinred,  formed  npou   the  type  of  ammonia,   but  con* 
taining  phosphorus   instead  of  nitrogen,   and  ctliyl   or  methyl  in 
the   place   of   hydrogen.      Hofmann   and    Caliours   have  rccentljri 
investigated  these  compounds  more  minutely,  and  have  describe 
a  method  by  which  they  may  be  obtained  with  certainty,      Th^ 
process  introduced  by  the  chemists  la*it  named,  for  the  preparation 
of  these   pbosphorized  bases  consists  in  the  action  of  tereliloriil 
of  pbospborns  (PCI^)  upon  zinc-mctlnlj  zinc-ethyl,  i;:e.,  when  chlo- 
ride   of  zinc  is  formed,  and  the  new   base   is  pmduced.      These 
bases  have  a  most  otTensive  odour,  and  many  of  them  when  mixed 
with  atmospheric  air,  or  oxygen,  take  fire,  especially  if  the  tempenu 
ture  be  slightly  raised.      But   not   only  may  phosphorized    bases 
^^  (Cglii)?,  3(C4TIfi)P,  3[C,oHii)P,  &c.,  analogous  to   ammonia  be 
formed,  but  by  treating  these   new  bases  with  iodide  of  ethyl,  of 
^  jnethyl,  or  of  auiyl,  iodides  of  ammonium-bases  analogous  to  that^ 
\  of  tetrethylium  may  be  obtained ;    and  by  the  action  of  oxide 
I  silver  npou   these  iodides,  hydrates   of  the   new  ammonium-bas 
[  may  be  procured.      Both  arsenic   and   antimony  form  with   ethyl 
liuicl  methyl  J  and  the  otlier  alcohol  radicles,  compounds  which  ooD 
'  hinc  with  oxygen,  and  possess  basic  properties  as  powerful  as  those^ 
[of  many  of  the  metallic  oxides  (1037,  1043), 

(1030)  Methylia;  meihylamine  (C3H5N  =  03113,  11^),  Sp,  gr^ 
V^fvapoiir  1*08, — This  body  is  gaseous  under  ordinary  cireumstancesJ 

[but   may  he  condensed  by  a  freezing   mixture  to   a  very  mobile 
liquid,  which  is  not  solidified  by  exposure  to  a   bath  of  soUd  oar* 
acid  and  ether.       It   is  colourless,   and  has  an  intense!} 
^:ur  of  ammonia,  and   an   extremely  powerful  alkaline' 
Jucing  dense  white  fumes  wheu  exposed  to  the  vapour 
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of  hydrochloric  acid ;  but  it  is  distinguished  from  ammonia  by  its 
ready  inflammability ;  it  bums  with  a  yellowish  livid  flame,  and  fur- 
nishes carbonic  acid,  water,  and  nitrogen,  accompanied,  if  the  supply 
of  air  be  insufficient,  with  traces  of  cyanogen  or  of  hydrocyanic 
acid.  Methylia  is  more  soluble  in  water  than  any  other  known 
gas ;  at  55°  water  dissolves  1 150  times  its  bulk,  forming  a  power- 
fully alkaline  solution  with  a  very  pungent  ammoniacal  odour,  and 
a  strongly  caustic  action  upon  the  skin ;  when  boiled  the  alkali  is 
expelled  in  the  gaseous  form.  Solution  of  methylia  acts  upon  solu- 
tions of  the  metallic  salts,  as  ammonia  would  do,  dissolving  the  pre- 
cipitated oxides  of  zinc,  silver,  and  copper ;  in  the  latter  case  form- 
ing a  deep  blue  liquid.  The  oxides  of  cadmium,  of  cobalt,  and  of 
nickel,  are  precipitated  by  methylia,  but  are  not  redissolved  by  it. 
When  methylia  is  passed  through  a  porcelain  tube  heated  to 
redness,  it  is  decomposed ;  hydrocyanate  of  ammonia,  and  a  gaseous 
mixture  of  hydrocyanic  acid,  hydride  of  methyl,  and  free  hydrogen 
being  formed : — 

Methjlia.  Hydrocy.  Axnmon.  Hydride  of  Methyl. 

^\H,N)  =  H3N,  I1C,N  +  IIC3N  +  C2H3,  H  +  6  II. 

If  potassium  be  heated  in  gaseous  methylia,  cyanide  of  potassium 
is  formed,  and  hydrogen  is  liberated;  C2ll5NH-K  =  K,C2N  +  5  H. 

Preparation. — Methylia  is  readily  obtained  by  distilling  the 
carefully  dried  hydrochlorate  of  the  base  with  twice  its  weight  of 
quicklime.  The  operation  should  l)e  performed  in  a  long  tube,  the 
lower  half  of  which  is  filled  with  the  mixture,  and  the  upper  half 
with  hydrate  of  potash,  in  order  to  dry  the  gas  completely ;  it  may 
be  collected  in  jars  over  mercury.  Hydrochlorate  of  methylia  is 
best  obtained  for  this  purpose  by  distilling  cyanurate  of  methyl 
with  hydrate  of  potash  (1008),  and  saturating  the  distillate  with 
hydrochloric  acid ;  the  residue  when  evaporated  to  dryness  may 
be  dissolved  in  boiling  absolute  alcohol,  from  which  on  cooling  it 
crystallizes  in  large  iridescent  foliated  deliquescent  crystals :  at  a 
temperature  a  little  above  212°  it  fuses,  and  when  heated  in  an 
open  vessel  it  volatilizes  in  dense  white  clouds,  which  may  be  con- 
densed unchanged.  This  salt  does  not  yield  any  amalgam  similar 
to  that  of  ammonium  when  decomposed  by  the  voltaic  battery  in 
contact  with  mercury,  nor  when  its  concentrated  solution  is  mixed 
with  an  amalgam  of  potassium. 

Most  of  the  salts  of  methylia  are  very  soluble  in  water.  Its  hy- 
drochlorate forms  with  bichloride  of  platinum  a  soluble  compound, 
crystallizing  in  golden  yellow  scales,  which  are  insoluble  in  alcohol. 

PART  111.  F 


ir.lMLTHiLlA TETRJlMETHYLirM. 

i.]KN=:;rH  .  N  .— This  alkali,  iil 
■-.    :..:;.....    ('. H-.  H^N  .    is  louxiii  in  ix»usidei 

-.  ■      ..  '       :       .:   LiTT.u^^.      1:    La*    an   extrcmdy  jxr 

-  ..:      .   .    :.-.  ;   .'  '.-r.     li  i*  also  clitaiuetl  by  di>tiHi: 

-..    ...  .::-:i      :    'j'ta.*:::  ai..i   it   imparts   to  the  ci 

.>   ;.-■- ....^r  "..  '..r.     Ti":iiiet]»_\lia  is  a  vcfa"  vuh 

.    .  ..-  ..:  .:  ►.    :  -:-".  an  1  tmits  an    intlaniinable  v 

...  '■...:■  r.      1  .":.".i  K-:  iiicihyl  inimcHiiatcly  cx)nveri 
..  ::.....:.    :  vrs::/;-  if  i-nXidv  ot  totramcthvliura. 

J'-."     .•:  ■        I. — Ti.t-  :  \\:.,v  uf  thij*  l^ase  is  the  pri 
:  :  :...    1     v  ],r.i,::i.^  i- •.";:/:».•  of  nuthyl  in  oxcc-ss  with 

....  : 1  ::.  >^  .■  «.!  >i'ini  or  in  aloohol.    Since  the  iodic 

:.    -...:..  .-  -;:-.:.:. J. V  Mlr.-ilc   iu  i\^ld    water,   it    may 
:.     ..::..  ..       ......:.;..:.-:  hviiri^viiatrs  of  methylia,  dinicthyi 

:.    :.;.  ...  '  ;.  ^  :.*:./.. .z:*:.-  :i  from  Ixnlin^  water.   When  ti 

:       ..:!.   :  :     !   .i.-.Ti/:  ••xiiic  of  silver,  iodide  of  silver  is  fi 
..  l.^  :...:.:  s\.:v  of  !;t:anutl.wium     4  .C^II,^^  NO,  IK 
:..  -   '.::::  :.  -.  ;:    u.;.y    ho   ul'taincJ   hy   evajX)ration    i/j    r 
>..   *....r..  ;.v:i.  ::i  ijy>!al.>  wiii^h  are  dehqnescent,  and  a 

:    .     ■   ;:..'..       1:>    >ui'>   cry>t;illize   well,    particularly   tl 
w':..  !i    I  :.:  >    i-.ijZ    hrilliant     i.eodles.      The    double    c 
'.  :..::.j:in    i.-il    u:i:r.:!Ltliyliu:n    CMI„NX1,  PtCU,    erys 
i....k  V  :;i:.::i   c '1'  •.■.:vd  nuiLHiiturnt  oetuhcdra. 

\\  \a  !i  tin   l.yriiati\l  oxivh'  of  titramcthyliuni  is  treati 

..:'::  ;.;.!  i:  .:::.:::y  of  iodile  of  methyl,  no  further  eonil 

jr.ii:.}!   "itii  tl.^-  l-a^^  ihniii>  :  hiu   iloible   deeoui|>ositi( 

i  .i.iii-  of  titraii-Ltiivliinii  is  f.^nned.  and  woo<i  spirit  lil)ei 


10^51  Kthyi.ia,  Ethitltnnliu'  .(\lUN  =  C4ir5,  II.,X), 
Uliiidc'fn/^,  of  vu^ihur  1*31^4.— This  base  eonstitutes  a  vc 
oolonrK'>s  hiiuiil,  ^hieh  hoiN  at  ^>^^'6  F.  ennttin«r  an  iui 
vapour  of  a  puuirent  amnion iaeal  odcmr.  It  is  niisc 
Axalerin  all  projjortions.  hut  hy  i»rolonirid  hoiling  the  \vh 
ethylia  may  he  expelled.  I'-tliylia  produees  residts  -with 
of  met  all  ie  sails  exaetly  >^imilar  to  those  of  niethylia,  fro 
however,  it  may  he  disiiu'ruished  hy  the  i>ower  jx>8s 
eth\lia  of  dissolviiijr  reeenlly  i)rei'ipitated  alumina.  V 
propositi  \o  take  advantage  of  this  property  as  a  means 
ratinj:  alumina  from  oxide  of  iron,  in  the  operations  of 
Eihylia    disi)laccs    ammonia    from    its    salts    if   evapora 
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them.  It  yields  dense  white  fumes  with  vapours  of  hychrochloric 
acid. 

Ethylia  may  be  prepared  in  a  manner  similar  to  that  directed 
for  methylia,  by  acting  upon  cyanic  or  cyanuric  ether  with  hydrate 
of  potash.  It  may  also  be  obtained  by  acting  upon  iodide  of  ethyl 
with  ammonia^  in  which  case  hydriodatc  of  ethylia  is  formed ;  or  by 
heating  a  mixture  of  ether  with  muriate  of  ammonia  in  a  sealed 
tube  (Hofmann).  The  salts  of  ethylia  do  not  generally  crystallize 
with  facility ;  they  are  soluble  in  water  and  in  alcohol.  The 
hydrochlorate  forms  colourless  plates^  which  are  fusible  at  169®. 
The  sulphate  is  deliquescent^  and  since  it  is  soluble  in  alcohol  it 
may  readily  be  separated  from  sulphate  of  ammonia^  which  is  inso- 
luble in  this  menstruum.  The  double  salt  with  bichloride  of 
platinum  (C4H7N,  HCl,  PtClg)  crystallizes  in  yellow  octohedra. 

Diethylia  {Q^\\^^  =  2C.^\{^y  HN),  is  a  colourless^  volatile, 
inflammable  liquid,  powerfully  alkaline,  and  very  caustic.  It  boils 
at  134^*6.  It  may  be  obtained  by  treating  ethylia  with  iodide  of 
ethyl  in  the  manner  already  described  (1027). 

Triethylia  {C,2Hi5N  =  3  C^Hg,  N)  is  also  a  soluble,  volatile, 
and  powerful  base,  which  forms  a  beautiful  orange  double  salt  with 
bichloride  of  platinum,  crystallizing  in  large  rhombic  tables 
[3  (C4H5)  N,  HCl,  PtCy.  Triethylia  may  be  obtained  from  the 
foregoing  base  by  the  action  of  iodide  of  ethyl  upon  it.  The  salts 
of  tetrethylium  are  procured  by  continuing  the  action  of  iodide  of 
ethyl  upon  triethylia. 

The  hydrated  oxide  of  tetrethylium  is  a  powerful  base,  perfectly 
analogous  to  the  corresponding  compound  of  tetramethylium.  It 
may  be  obtained  in  solution  by  treating  the  iodide  of  tetrethylium 
with  oxide  of  silver.  If  this  solution  be  allowed  to  evaporate  in 
vacuo  over  sulphuric  acid,  the  base  forms  long  hair-like  needles, 
which  are  very  deliquescent,  and  absorb  carbonic  acid  with  great 
avidity.  A  strong  solution  of  the  base  may  be  boiled  without 
undergoing  decomposition,  but  if  evaporated  to  dryness  over  the 
water  bath  it  becomes  decomposed  as  soon  as  the  water  is  nearly 
xdl  expelled.  A  solution  of  the  base  acts  powerfully  ujKjn  the 
cuticle,  and  it  saponifies  the  fats  as  readily  as  potash,  forming  soft 
soaps.  The  oxide  of  tetrethylium  is  not  liberated  from  its  iodide 
by  the  action  of  potash ;  on  adding  a  solution  of  potash  to  one  of 
the  iodide  of  the  base,  a  crystalline  mass  of  the  pure  iodide  of  tetre- 
thylium is  separated,  as  it  is  less  soluble  in  alkaline  liquids  than  in 
pure  water:  even  when  boiled  with  the  concentrated  solution 
of  potash   for  some   hours,   no  decomposition   is   effected;    but 

p2 
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Hjil  it  deooiDpCHed  witli  btaHty  br  the  nits  of  silfier,   or  Inr 
JPlbsibljr   precipitated    oxide  of  silTer.      Axudogoos  reactions   wit 

potaiib  and  oxide  of  sOrer  are  found  to  occur  with  a  laige  number 

of  other  ammonium  faasea. 

BaseM  derived  from  oiher  Alcohoh. 


(1032)  Tritffim  or  propfl4mnme  (QH.H,N),  is  isomeric   witli 
ttrimethylia  ;  it  is  one  of  the  bases  obtained  by  Anderson  during  thi 
tietive  (Hhtilliition  of  bones ;  and  the  same  chemist   has  Uke^ 
prcHrured  from    this    liquid   another   base,  which   he   termedj 
lpdimm\  but  which  corresponds  to  tetrylia  or  butyria  (Cj,H^,  HjN)J 
the  alkali  of  tetrylie  alcohol;  both  these  bases  are  volatile  liquids* 

A  Hcrit-'H  of  bases  corresponding  to  those  fmra  methylic 
ethylic  nUuiholw,  has  also  been  obtained  from  fousel  oih  Their  basi^ 
jKJwerii  are  nnuilkT  than  those  of  the  ethyl  and  methyl  series,  and 
they  (jrcwut  no  purtieiihir  points  of  interest.  Amylia  (Cj^HnHjN) 
U  II  very  b|i;ht  colourless  liquid  which  boils  at  203**  F.,  and  is  of 
ijh  ^t\  0750.     lU  !*altH  crystallize  readily. 

Tlte  ale(»hol  from  castor  oil  (octyUc  alcohol)  also  yields  a  well-^ 
nini'kt  d  ImMc,  ovhjlia  or  cajrriflia  (CiuCj^H^N) ;  and  even  the 
»ii(»oliid  id'  pjdniilic  Bcid,  ethal,  has  been  made  to  yield  a  compound 
amtnuniji  in  w!iich  all  the  three  equivalents  of  hydrogen  have. 
Hivrn  plurc  to  the  hydrocarbon  of  ethal,  thus  forming  tricetylU 
;U*'!vj":ia)  N,  \vhi('h  crystallizes  in  white  fusible  needles,  freelj 
Hidiible  in  boiling  alcohol.  Its  salts  are  not  soloble  in  water,  but 
Ihry  eryntallize  readily  from  boiling  alcohol  and  from  ether. 

J  VIII.  Metallic  Derivatives  op  the  Alcohols* 

(105;^)   It  has  been  already  stated  (986-7),  that  when  sodii^ 
or  p*Mn»»*i»»ni  in  nmde  to  act  u|>on  one  of  the  alcohols,  hydrogen 
i«hM»iiin1rd,  Hiid  a  iH*ni|K>und   is  formed,  which  presents  a  cert 
Hhulnnv  ^*'l»  ll'*'  ordinary  salts  of  sodium  or  of  potassium;   if 
lMMM|Miii«  Hd'    iM'lion  of  sodiuni  npon  alcohol,  and  upon   menohr* 

PimI  ♦M'i'li**  liciil,  tht*  results  of  the  reaction   may  be  thus  repr 
(d 


'■II ''•V'- 


Soiliuni  Alcohol, 


jo. 


Aoctiite  of  Sodjk 

Nil     =      '^'l^p^  j  O, 


N. 


+    H 


+    H 


I  tt  llml   wlioii  «ucli  com[K)uud8  are  acted  upon 
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the  ethers  of  the  hydracids^  either  simple  or  double  ethers  are 
formed  from  them  by  a  process  of  substitution  or  double  decom- 
position : — 

Alcohol.  Iodide  of  Ethyl  Ether.  Iodide  of  Sodiom. 

^i?a}^»  +  C,H  J,  becoming  c1h1}^«  +  ^*^- 
Within  the  last  few  years,  however,  a  series  of  compounds  has 
been  obtained  in  which  a  metallic  element  enters  still  more  inti- 
mately into  the  composition  of  the  base  of  the  alcohol.  The  first 
substance  of  this  class  that  was  carefully  investigated  was  kakodyl 
(C^HgAs) ;  and  this  body  was  shown  by  the  masterly  researches  of 
Bunsen,  to  perform  the  part  of  a  compound  metal.  At  Bunsen's 
instigation,  Frankland  undertook  a  series  of  researches,  which  led 
to  the  discovery  of  a  number  of  new  bodies  more  or  less  analogous 
to  kakodyl,  and  the  field  thus  opened  has  since  been  successfully 
cultivated  by  many  distinguished  chemists.  These  investigations 
have  led  to  the  discovery  of  a  number  of  metallic  substitution 
derivatives  of  alcohol  which  arc  more  or  less  closely  allied  to 
the  compound  ammonias.  These  bodies,  however,  are  not  all 
formed  upon  the  type  of  ammonia.  In  some  instances  a  single 
equivalent  of  the  metal  is  combined  with  an  equivalent  of  the 
alcohol  radicle,  whilst  in  others  2  equivalents  of  the  alcohol  radicle, 
in  others  3  equivalents,  and  in  some  even  4  equivalents  of  the 
alcohol  radicle,  are  combined  with  i  equivalent  of  the  metal. 

The  most  probable  explanation  of  the  mode  in  which  these 
compounds  are  formed,  is  that  suggested  by  Frankland  {Phil. 
Trans,,  1852,  440),  who  regards  them  as  derivatives  from  the 
inorganic  compounds  of  the  various  metals :  and  he  considers  that 
the  number  of  equivalents  of  the  alcohol  radicles  which  combine 
with  any  given  metal,  is  regulated  by  the  proportion  in  which  that 
metal  tends  to  combine  with  the  elements,  hydrogen,  sulphur, 
oxygen,  &c.  For  example : — zinc  forms  compounds  which  corre- 
spond in  composition  to  the  oxide  of  zinc ;  and  since  zinc  forms 
only  a  single  oxide,  the  ethyl,  and  other  alcohol  derivatives  of  zinc, 
contain  but  a  single  equivalent  of  the  alcohol  radicle  : — 


Oxide  of  Zino 
(ZnO). 


Zinc-methyl Zn  (C,  IT,  ) 

Zincethyl Zn  (C,  H, ) 

Zinc-amyl Zu(C,oHji) 


The  tendency  of  arsenic  is  to  the  formation  of  compounds  which 
contain  2,  3,  or  5  equivalents  of  some  other  element,  the  bodies 
thus  produced  corresponding  to  realgar,  to  arseniuretted  hydrogen^ 
and  to  arsenic  acid : — 
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U..:il^'ar  (A..  >,) [  Arsoiiioaiethyl       .     .     As.  2  ^CX) 


i  Arsrniun-ttt'il  llvilnwn     )     (  Ar#cniotriethvl      .     .     As,  3  (CJI J 
(  Arsoiiious  Ai'id  As  [O^] 


)     (  Ar#cniotriethvl      .     .     As,  3  (CJI J 
.  ]    {  Oxiai'  of  Kakodyl       .     As.  i  2  (C.li.lO' 
.     .  (  Chloride  of  Kakodvl      As.  [2  {CA\j)  CI] 

Arsi-nio  Ai-iiKAs  O5)      .    .     .-[  Kakodylic  At-id     .      .     As,  2(C.H,)05.HO 

I  Chloride  of  Arsenic-  )     •         /r>  n  \  r\ 
[     tetrothylium     .     .]  ^'  4(C,U,\  G. 

Antiinouy  docs    not  form    any  compound    correspondiiig  to 

iH'aljxar,  bul   it  yirlds  bodies  which  contain   3   or   5  equivalents  o( 

some    other  element;    and  the  alcohol  compounds  of  this  metal 

eonespond  to  antimoniuretted  hydrogen,  and  to  autimonic  acid :— 

AnthmMuiir^^^^^^  I  gtil^i^t^i^tljyl     ....     3(C,n,)Sb 

,     .        .     ,     wcw^  \       f  Oxide  of  Stihiototrethylium  4(C.ITJ  SK  0 
AntiinoiiicAiid(M,(K).    [oxiJe  of  Stibiotriethy-l    .     s(c\u\)  8b,0, 

Bisnnith  presents  com|)ounds  which  correspond  to  teroxide  of 

hisnuith : — 

(.xiaeorBi,muth(i«o,){SS'«t4yi   ;   :   ^^tS:ui!o,: 

^lereury  yields  compounds  corresponding  in  composition  to 
the  red  oxide  of  the  metal : — 

^'^Oll^lS  ""!  *\^''''"'^     }  ^-^^^*^  of  Hydrargethyl     H^r^  [  (C,H,) 0] 
L(»ad    yields    a   eomi)ound    corresponding   to    plumbic   acid, 
2  PhCX  :— 

IVroxide  of  Lead  2(P1)().,)=  ")  Oxide  of  riumbetliyl")  pu  /pi  -rr  v  ri  _i    wn 
(l»b,OJ *.     .5      (hydrated)  .     .     .  5  -^»^5(^4H,)3O.+*H0 

Aeeordiug  to  Lijwig,  other  comj)ounds  of  lead  with  ethyl  aUo 
exist,  but  tiiey  have  not  yet  been  isolated  in  a  state  of  purity.  The 
formation  of  the  comjxmnds  of  tin  is  not  so  simply  accounted  for 
upon  Frankland's  view,  siuec,  aeeonhng  to  Liiwig,  several  poly- 
nuM'ie  forms,  besides  othiT  compounds  of  these  organo^metallic 
bodies  may  be  obtained.  Liiwig  has  enumerated  the  following 
compounds  of  tin  with  ethyl  : — 

Staunethyl Sn  (C^HJ 

Bistanncthyl 2  (Sn,  C^Hj) 

Quadristanncthyl 4  (Sn,  C^Hj) 

J  Staunethyl  / 4  Sn,  3  (C4H5) 

I  Staunethyl 2  Sn,  3  (C^HJ 

J  Staunethyl 4  ^n,  5  (C^IlJ 

Many  of  these  compounds  appear  to  have  representatives  in  the 
methyl  and  in  the  amyl  scries.  The  formuhc  of  the  more  com- 
plex members  must,  however,  be  considered  as  still  open  to  doabt. 
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The  compounds  of  selenium  and  tellurium  with  the  alcoliol 
radicles,  arc  closely  allied  to  the  class  of  bodies  which  we  are  now 
considering,  although  they  present  some  analogy  with  the  ethers, 
and  they  have  already  been  alluded  to  (996)  when  speaking  of  these 
substances.  The  intermediate  position  occupied  by  selenium  and 
tellurium  between  the  metallic  and  non-mctallic  elements,  explains 
why  their  compounds  with  the  alcohol  radicles  should  exhibit  pro- 
perties intermediate  between  those  of  the  true  ethers  and  these 
metallic  derivatives  of  the  alcohols.  The  tellurium  and  selenium 
ethers  differ  from  the  ordinary  ethers  in  the  tendency  to  combine 
with  oxygen  which  they  exhibit,  thus  forming  bodies  which  unite 
with  acids  and  yield  definite  salts.  Tcllurethyl  2  (C4H5Te),  for 
instance,  becomes  oxidized  and  forms  the  body,  2  (C4IJ5)  TcaOj, 
and  this  compound,  by  its  combination  with  oxalic  acid,  yields  a 
crystalline  salt,  2  [  {C4ll5)2Tc202]  C A.  3  HO. 

Many  of  the  compounds  of  the  alcohol  radicles  with  the 
metals,  such  for  example  as  zinc-methyl,  kakodyl,  stibiotriethyl,  and 
bistriethyl,  have  an  affinity  for  oxygen  so  powerful  that  they 
take  fire  by  simple  contact  with  oxygen  or  with  atmospheric 
air :  but  it  is  important  to  remark,  that  the  results  of  such  oxida- 
tion are  very  different  in  different  cases.  In  some  instances,  when 
the  operation  is  conducted  slowly  and  with  due  care,  organO'- 
metallic  oxides  are  procured,  into  the  composition  of  which  the 
alcohol  radicle  enters;  they  thus  furnish  bases  which,  like  oxide 
of  kakodyl,  combine  with  acids,  neutralizing  them  and  forming 
well-defined  crystallizablc  compounds.  In  other  instances  no  such 
basic  organo-mctallic  oxides  can  be  obtained :  thus  zinc-methyl, 
and  zinc-ethyl,  although  their  affinity  for  oxygen  is  very  intense, 
do  not  yield  any  organo-metallic  base  by  the  gradual  action  of 
oxygen  upon  them. 

Kakodyl  and  arseniodiethyl  (the  kakodyl  of  the  ethylic  scries), 
each  unite  with  oxygen  in  two  proportions :  the  lower  oxide  with 
one  equivalent  of  oxygen  in  the  case  of  kakodyl,  exerting  the  pro- 
perties of  a  powerful  base,  neutralizing  acids,  and  forming  with 
them  crystallizablc  salts ;  whilst  with  three  equivalents  of  oxygen 
a  strong  acid  is  produced ;  thus : — 

Kakodyl  ....  As  2  (C2II3). 

Oxide  of  kakodyl     .  As  2  (Calls)  O. 

Kakodylic  acid  .     .     IIO,  As  2  (CJI3)  O3. 

Frankland  aocoants  for  the  difference  between  the  results  of 
the  oxidation  of  kakodyl  and  of  zinc-methyl  by  saying,  that  in  the 
case  of  oxide  of  sine  no  binoxide  is  known^  and  as  zinc-methyl  is 


S18      €OM1*0irNI>8  or  tub  UETALB  with  TBB  alcohol  RAJ31CLE9. 


Kakodvlic  Acid. 


fbnniH]  upon  the  type  of  o\ide  of  rinc,  there  should  therefore  be 
UU  Unuliuicy  to  tlie  formation  of  an  oxide  of  sine- methyl.  lu  the 
OiMir  uf  k»ki»ilyl,  the  addition  of  an  equivalent  of  oxygen  produces  a 
«%MnjHniud  eorrt*»ponding  in  a  certain  degree  with  ar&euious  acid  : — 

O  .  C,H3  -, 

As  0  [  Anicuious  Acid,  As  CjIIj  [  Oxide  of  Kakodyl  j 

uliiUt  kakodylic  acid  correspoads  to  arsenic  acid : — 

AfriCnic  Acid,  As       O 

O 

o  . 

TImh   view    i«  ingenious,  and   it   may,  as  its   author  sugg 

Unvhiiljly   luhiul   of   furthtT    extension  ;   Fraiiklaud    has    recently 

»U|»|u>i1eil    it    by    researclies   wliich    seem    to  show   that    a    basic 

iM'^Hhit'  nnlicvlt%  nnch  as  nu'thyl   or  ethyl,  can    be  substituted  fur 

v^v)gcn,  whielj  is  strongly  ehx^tro -positive.      Thus  he  has  obtained 

%  ^iHitvoethylic  acid  (NaCiHfiOg),  derived   from  2  equivalent*  of 

^h*Mlii\i(1t*  of  nitrogen  2  (NO^),   in   \vhich  i  e(]uivalent   of   oxygen 

\\^^  Uvvn  dispUiecd  bycthvl;  and  the  newly  discovered  e/Ziy/o/W- 

t^UiiHtf   ffdd    [8^(04115)  O5]   may  be  regarded  as  formed  from  3 

inpiivideuts  of  8id|)luirou?*   acid  3  (SO^),  in  which   i  equivalent   of 

\\\%^  oxygi'ii   ]iii»  been  displaced  by  ethyh      These  bodies  are  pro^ 

i\\ksvi\  by  the  action  of  «ine-ethyl  upon  deutoxide  of  nitrogen  and 

1   1innm»aeid  rcsjHVtivcly  (Froceedipigs^  Roy.  Soc,  viii.  198).    In 

I    to  ilhmtrnic  the  pnvpcrties  and  mode  of  formation  of  these 

ibir  ct>utpouud«,  a  description  will  now  be  given  of  a  few  of  the 

i,»niclfillic  lK*die»  into  the  formation  of  which  rinc,  arsenic, 

uitnnouy  enter, 

[li)  C^m/mmd$  ^f  Zmc  wUh  iht  Alcohol  BaScleM, 

.  ;  ,  i\  The  i«x»|M>rtie*  of  Uie  compounds  formed  by  «inc  with 
dL^  «kH>i^K«^l  r««tliolcA  nrQ  very  remarkable^  and  thoe  substances  are 
fL(i\^  iit  onimiou  with  Uie  process  of  isolating  of 

^1^1  ^  thidiMilvm. 

KlNi  MliTllVL  ((\H)«  txk)  is  a  Terr  irolalile,  eokmrk«$^  trans- 

^  '  U\  whli  m  pcnetisting,  pecoliar,  and 

iiQMiiiate^  deooaipoKd  hf  dxygen, 

^  h^ihI  knlii^^  l\wtiiiii|t  <«tm|i04iiiAs  vKidi  sre  mllicr  unstable. 

mitk  nitmmfimm  «ir«  it  takm  fire  mslmnts- 
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white  clouds  of  oxide  of  zinc ;  in  contact  with  pure  oxygen  it 
burns  with  explosion^  and  the  presence  of  a  small  quantity  of  its 
vapour  in  combustible  gases  gives  them  the  property  of  sponta- 
neous inflammability  on  admixture  with  oxygen.  When  thrown 
into  water,  zinc  methyl  decomposes  this  liquid  with  explosive  vio- 
lence, attended  with  flame;  and  if  the  reaction  be  moderated,  so 
as  to  prevent  any  intense  elevation  of  temperature,  the  sole  pro- 
ducts of  the  decomposition  are  oxide  of  zinc  and  hydride  of 
methyl  (marsh  gas) ;  CjIIa,  Zn  -h  HO  =  C3H3,  H  -f  ZnO. 

Frankland  suggests  that,  owing  to  the  intense  affinity  of  zinc 
methyl  for  oxygen  and  chlorine,  it  may  be  possible  to  employ  it 
for  effecting  tlie  substitution  of  methyl  for  oxygen  and  for  chlo- 
rine, and  it  thus  may  throw  some  light  upon  the  view  of  the  con- 
stitution of  the  organo-metallic  bodies  which  he  has  broached. 
In  order  to  obtain  zinc-methyl  in  a  state  of  purity,  iodide  of 
methyl  is  sealed  up,  with  an  excess  of  dry  granulated  zinc,  in  a 
strong  glass  tube,  drawn  out  to  a  capillary  end,  and  exposed  to 
a  temperature  of  from  300°  to  320°  in  an  oil  bath,  until  all  the 
iodide  of  methyl  has  disappeared.  A  mass  of  white  crystals, 
consisting  of  a  compound  of  zinc-methyl  with  iodide  of  zinc,  and  a 
colourless,  mobile  liquid,  which  is  zinc-methyl,  is  thus  formed,  and 
at  the  same  time  a  considerable  quantity  of  gaseous  methyl  is  pro- 
duced and  confined.  One  portion  of  the  iodide  of  methyl  is  con- 
verted into  iodide  of  zinc  and  methyl, 

2  (C2H3T)  +  2  Zn  =  (C3H3,  C2H3)  +  2  Znl, 
whilst  another  portion  yields  iodide  of  zinc  and  zinc-methyl^ 

Callsl  +  ZnZn  =  CjHjZn  +  Znl. 
The  zinc-methyl  may  be  obtained   by  breaking  oflF  the  capillary 
extremity,  and  allowing   the  included  gaseous  methyl  to  escajHJ, 
and  the  liquid  contents  are  separated  from  the  solid  ones  by  dis- 
tillation at  a  gentle  heat  in  an  atmosphere  of  dry  hydrogen. 

(1035)  ZiNC-ETHYL  (C4II5,  Zn  =  2  vols,  vapour).  Sp.  gr.  of 
vapour  4*259;  0/  liquid  1-182  at  64°  F.  (Frankland,  Phil.  Trans. 
1 855.) — ^This  compound  is  a  colourless,  transparent,  mobile  liquid, 
which  refracts  light  strongly,  and  is  possessed  of  a  peculiar 
powerful,  but  not  disagreeable  odour.  It  is  not  solidified  by  a 
cold  of  — 8**  F.  It  boils  at  244°,  and  may  be  distilled  without 
change  in  vessels  filled  with  carbonic  acid,  or  with  hydrogen. 
Zinc-ethyl  is  less  inflammable  than  zinc -methyl,  but  its  affinity  for 
oxygen  is  sufficiently  intense  to  cause  it  to  take  fire  as  soon  as  the 
liquid  ii  brought  into  contact  with  that  gas^  or  with  atmospheric 
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tIJCC-ETIIYL. 


Fair,  when  it  burns  ^ith  a  brilliant  blue  flame,  fringed  with  j 


Hamt  forms  dense  white  clouds  of  oxide  of  zinc.      IT  a  eohi 
Bof  glasa,  or  of  porcelain^  be  held   in  the  flamCj  it  becomes  ocMtrf 
with  a  deposit  of  metallic  zinc,  siLrrounded  by  a  white  ring  of 
oxide  of  thiB  metid*      If  the  ojiidation  be  allowed  to  take 

(more  slowly,  ziuc-alcoliol  C^U^,  ZnO  (or  ethjlate   of  Einc)  is 
priuci|ml  product ;  and  this  mode  of  the  formation  of  zinc-alcol 
from  the  direct  combination  of  zinc-ethyl  with  oxygen,  is  certibh 
very  remarkable.  Water  immediately  decomposes  zinc-ethyl;  aiiifc 

■  of  zinc,  and  the  gaseous  hydride  of  ethyl  (C^IIq,  H)  being  the  ittMJt: 
C^Hj,  Zn  -h  HO  =  C^Hfi,  H  +  ZnO. 
Iodine,  bromine,  and  chlorine,  decompose  zinc-ethyl  with  groi 
violence;  if  the  action  be  moderated,  iodide,  bromide,  or  chlcnidi 
of  zinc  is  formed,  whilst  the  corresponding  compound  of  edtrl 
with  the  halogen  is  formed;  in  the  ease  of  iodine^  the  reactioB 
may  he  thus  represented  : — 

C,H„  Zn  -f  2  I  =^  C.ll.JL  +  Znl. 
A  similar  effect  is  produced  if  zinc-ethyl  be  heated  with  powdewi 
sulphiu-p  the  double  sulphide  of  zinc  and  ethyl  being  formed. 

Preparal i on. —7Jnc -ethyl  is  obtained  by  heating  atihyd 
iodide  of  ethyl,  diluted  with  an  equal  volume  of  anhydrous  cthci* 
(to  regulate  the  reaction)  with  twice  its  weight  of  well-dried 
gTfinulated  zinc.  The  mixture  is  introduced  into  a  sealed  glaH 
tube,  and  heated  in  a  digester  to  about  266^  F*  for  twelve  or 
eighteen  hours.  When  large  quantities  are  required,  the  safest 
plan  is  to  conduct  the  operation  in  a  strong  metallic  vessel, 
particular  construction.  A  fidl  description  of  tliis  apparatus 
given   by  Franklaud  in  his  paper.      If  the  materials   employed 

»the  preparation  of  the  ziue-ethyl  were  really  anhydrous,  very  hi 
permanent  gas  is  produced,  but  if  moisture  be  present,   a  uuan! 
of  hydride  of  ethyl  is  formed.      After  the  apparatus   has 
_    cool,  the  permanent  gas,  if  any,  is  allowed  to  escape  ;  and  the  zii 
f  ethyl  is  distilled  from  the  materials  employed  in  its  i>reparatii 
in  vessels  tilled  with  carbonic  acid  or  hydrogen.     Particular  m 
of  manipulation  arc   required  during  the  distillation  and  puri 
tion  of  the   product,  in  onler  to  prevent  the  access  of   air    w 
would  oxidize  and  destroy  the  eomponnd.      For  details  upon  til 

I  points,  the  reader  is  referred  to  the  memoir  already  cited. 
{1036)    Zinc- amy!    (CjgHy,  Zn), — ^This  body  is  obtained 


•  Tliifl  mixture,  to  deprive  it  completely  of  moiature,  is  ftgiut.* 
about  oae-tweatietk  of  its  weight  of  aahydroua  pUospboric  acid. 


1 


Araeniotriethyl   .     C„H,,A8    ^si^fi^^ 
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decomposing  iodide  of  amyl  in  a  sealed  tube,  at  a  temperature  of 
356°.  It  forms  a  colourless,  transparent  liquid,  which  emits 
fumes,  and  rapidly  absorbs  oxygen  when  exposed  to  the  air ;  but 
it  does  not  take  fire  spontaneously.  Water  decomposes  it  into 
oxide  of  zinc  and  hydride  of  amyl : — 

CioHu,Zn  +  HO  =  CioHn,  H  +  ZnO. 

(A)  Compounds  of  the  Alcohol  Radicles  with  Arsenic. 

Arsenic  forms  with  the  alcohol  radicles  three  classes  of  com- 
pounds, which  have  hitherto  been  examined  only  in  the  methyl 
and  in  the  ethyl  series : — 

''  tM  w  k^^odyl  I  ^*^«  ^  "  «(C,H,)A8 
a.Aneniotrimethyl  CgH,  Ab  »s{C,UJAm 
3.0xideof  Arson-   ) 

iotetrameihy-   >  C,H„A8,0=.4(C,HJA8,0 

lioxQ   .     .     .    ) 

(1037)  Kakodyl;  Arseniodimethyl  (a  CjHj,  As  =  CJIflAs) ; 
Sp.  gr.  of  vapour  7-1. — This  is  an  extremely  poisonous,  colourless, 
viscous  liquid,  heavier  than  water;  it  emits  fumes,  and  takes 
fire  spontaneously  when  exposed  to  the  air.  Its  vapours  have  a 
disgusting  arsenical  odour.  The  boiling  point  of  kakodyl  is  about 
338° ;  at  21°  it  becomes  solid  and  crystallizes  in  square  prisms. 
It  is  only  slightly  soluble  in  water,  but  is  readily  dissolved  by 
alcohol  and  by  ether.  When  heated  to  about  750°  it  is  entirely  dc- 
composed  into  metallic  arsenic  and  a  gaseous  mixture  consisting 
of  2  volumes  of  marsh  gas  and  i  volume  of  olefiant  gas : — 

Kakodyl.  Marsh  Om.  Olefiant  Oaa. 

a(C,H.A8)  =  A«,  +  aCC^HJ  +  C^ 
Kakodyl  bums  in  oxygen  with  a  pale  blue  flame,  producing  water, 
with  carbonic  and  arsenious  acids  :  but  if  atmospheric  air  be  ad- 
mitted bubble  by  bubble  into  kakodyl,  white  fumes  are  formed, 
and  oxide  of  kakodyl  (C4H6As)0  is  the  result :  an  excess  of  oxy- 
gen converts  it  into  kakodylic  acid  (C4HeA8)03;  but  if  the  supply 
of  oxygen  be  insufficient  to  complete  this  change,  kakodylate  of 
kakodyl  (C4H«As)0,  (CJIeAs)O,  (binoxide  of  kakodyl)  is  produced. 
The  remarkable  peculiarity  of  kakodyl  is  its  power  of  thus 
uniting  directly  with  oxygen ;  and  it  exliibits  a  similar  tendency 
to  combine  with  sulphur,  chlorine,  &c.;  in  this  manner  it  performs 
the  part  of  a  simple  metallic  body,  since  the  group  C^HeAs  (which 
may  be  represented  by  the  abbreviated  symbol  Kd),  admits  of 
being  substituted  for  hydrogen.     The  discovery  of  kakodyl  was  an 


ILUKODYL. 

opxoii:  of  tLe  theory  of 
?  nrs:   i:i*:aace  oi  the   iso) 
mt^aOm  ki^l :  aI:hoii^h  other  b>xiie»  more  o 
ifc  Mi  tfc»  lesf^c:  are  i.ow  known. 

£akdilTl  wai  o-)::i:!i':il  hy  Bimsen  from 
wfcadi,  vben  troiird  ui:h  fru:;ment5  of  CTanul 
ckcDinpjk^cd ;  ci.lori.lc  of  z::.c  rxii-^   ibrnit'tl. 
kakodrl  is  libt rjited.    Ti.e  c:.!. riJe  cmp-ovetl 

mixst  be  rc'itecrly  ai.Lyan:»'.;>.  and  free  f 

laLodyL     Al'tor  iV!je>:;oa  with  o.-^iict-'iit rated 

msvi^  the  ehloride  :<  alljwed  to  >:a:d  for  sever 

its  of  i;uiv.ki".ii.e   a:id    chloride   of  cal 

fiwiScmtioii  of  tho  fl.I  jii  io  iv.u>r  w  etfectcd  in 

of  clie  form  ^howu  ::i  l\-z.  .^.;3.  the  quicklime 

gif  cmictum  tkiiig  tii-t  ii^tnHluceil  into  the  bid 

1^1  In   order   ti.)   av*/.:!   the    c*'iitaet    of    i 

V^'' X    purified  niuterir-.l,  a  current  of  dry  carboni 

■  y^      admittetl  by  the  rine  tube  ff.  in  order  to 

y  atmospheric  air  coniphncly.  and  the  capill 

I     then  seakd  :   when   the   chk^ri  !e  of  kak< 

introduced,  the  point  of  the  capillary  lub< 

^Iftl  1^  means  of  a  caoutchouc   tube  it   is  connected 

svriuire  ;  tlic  tube  l*  is  then  open 

j^  to  dip  into  the  liipiid  chloride, 

^rl     -*i^|i?^  nioveiijcnt  of  the  piston    is  dn 

^    J      •  J  bulb.      The  dccou.iK>>ition  nuu 

V^*™^  in  an  apparatus  sinrdar  to  that 

^  /).  The  zinc  havins;  first  been 

bulb  (/,  the  apparatu-*  is  to  be  fi 

bonic  acid,  ami  a  portion  of  tl 

kakodyl  is  admitted.     The  eapil 

then  scaled,  and  heat  is  applied 

Mhi. h  acts  as  a  retort,  b  servi 

cci\  cr.  The  zinc  gradually  beco 

without  any  evolution  of  gas;  w 

has  cca^cd,  the  apparatus  is  al 

and  the  capillary  tube  at  a  is 

Unlcd  water:  the  bulb  is  then 

to  expel  a  portion  of  the  earl) 

water  enters  as  the   apparatus 

iiKidn   sealed  :  the  water  acting  ii 

tlie    bidb  <i,    dissolves    the    chk 


(C.HeAs)  O,  SO3 
II0,(C,IIeA8)  O3 
AgO,  (C.HeAs)  O3 
(C^HeAs)  S 
(CJIeAs)  S,  (C.HeAs)  S3 
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and  liberates  kakodyl  in  the  form  of  an  oily  fluids  which  is  trans- 
ferred to  a  bulb-tube  of  the  form  of  fig.  335,  the  bulb  having 
been  filled  with  chloride  of  calcium^  and  the  air  displaced  l)y 
means  of  carbonic  acid^  in  the  manner  already  described :  here 
it  is  dried,  then  transferred  to  the  bulb  apparatus  (fig.  336),  and 
rectified  from  a  fresh  i)ortion  of  zinc.  Kakodyl  may  also  be  ob- 
tained by  the  action  of  mercury  upon  sulphide  of  kakodyl. 

(1038)  Compounds  derived  from  Kakodyl. — Bunsen  has  de- 
scribed a  large  number  of  compounds  of  kakodyl ;  some  of  the 
more  important  are  the  following  : — 

Kakodyl (CJIeAs) 

Oxide  of  kakodyl (CJIeAs)  O 

Binoxide  of  kakodyl  (kakodylatc]  - 

of  kakodyl) j  (^^HeAs)  U,  (C.llaAs)  U3 

Sulphate  of  kakodyl 

Kakodylic  acid 

Kakodylate  of  silver      .      .      . 
Protosulphide  of  kakodyl    . 
Bisulphide  of  kakodyl    ... 
Tersulphide  of  kakodyl  (sulpho-l  /n  ti  a  \  q 

kakodylic  acid)      .      .      .      .    j  (^^^UM^s 

Sulphokakodylate  of  silver  .  .  AgS,  (C^IIgAs)  S3 

Protochloridc  of  kakodyl    .      .      .  (QJleAs)  CI 

Tcrchloride  of  kakodyl  ....  (C^lIcAs)  CI3 

Oxychloridc  of  kakodyl      .      .      .  (CJIeAs)  O,  3(C4HeAs,  CI) 

Hydrargo-oxy chloride  of  kakodyl  (CJI^A^s)  O,  HgCl 

Oxide  of  Kakodyl  (C^HeAs,  O) ;  Sp,  gr,  of  vapour  7-55. — Tlic 
preparation  of  the  compounds  of  kakodyl^  owing  to  the  inflamma-** 
bility  of  many  of  them,  and  their  highly  poisonous  character,  is  both 
difficult  and  dangerous.  Oxide  of  kakodyl  constitutes  in  an  impure 
form  the  horribly  foetid,  spontaneously  inflammable  liquid,  formerly 
known  as  Cadet's  fuming  liquor,  or  alkarsin,  which  is  obtained  by  the 
distillation  of  a  mixture  of  equal  parts  of  dried  acetate  of  potash  and 
arsenious  acid.  The  receiver  must  be  fitted  to  the  neck  of  the 
retort,  and  furnished  with  a  tube  for  carrying  oflF  the  gaseous  pro- 
ducts into  the  chimney ;  the  retort  is  then  to  be  heated  by  a  sand 
bath,  the  temperature  of  which  is  gradually  raised  to  didl  redness. 
The  distilled  liquid  separates  into  three  layers ;  the  lower  one  con- 
sists of  arsenic ;  above  this  is  a  brown  oily  liquid,  consisting  chicfiy 
of  a  mixture  of  impure  kakodyl  and  oxide  of  kakodyl ;  and  above 
this  is  a  mixture  of  water^  acetone,  and  acetic  acid.     A  copious 


diiOgiigemetit  of  cmrbcmic  acid  and  of  mar&h  gas  flcco 
mpamlSa^     The  stratum  of  alkarsin  (oxide  of  kadtodji) 
oC  ^  mcftiis  of  ft  sTphcm  filled  with  boUed  wat^r,  into  a  fladt  tb 
ilii  «ilk  tlie  mme  liquid,  i  V  «  h  t lie  louger  1  imb  of  the  fff|hi 

ii  |ihiMgtd  with  a  view  of  j  •  iig  the    contact  of  the  air  viA 

the  iftdftmiBahle  dkaraiu.  It  ia  washed  with  boiled  vnter,  tri 
thai  fcctsfird  from  hvdrate  of  potash  in  a  current  of  hrdrc^fii:  airi 
then  pidaaUv  admitted  to  the  distillate,  ^ufKcientlvsIowljtopreifM 
il  from  taking  6re.  The  liquid  tliim  obtained  consists  of  aauxtBR 
of  the  oxide  of  kakodyl  and  kakodylic  acid  ;  it  is  dissolved  in  vilir 
and  distilled.  At  fijist  a  quantity  of  water  ha%  ing  the  odour  of  kih»> 
djrl  passes  over,  and  when  the  temperature  rises  to  248^,  the  oOxliqcii 
whidi  distils  is  nearly  pure  oxide  of  kakcxlyl,  A  second  rectifinooB 
frooi  caustie  baryta  in  veaeels  from  which  air  is  excluded,  fumiste 
the  compound  in  a  state  of  purity.  AH  these  operations  luast  k 
cotiducted  with  the  greatest  possible  care^  and  \iith  the  adopdoatf 
apcxia)  precautious,  on  secount  of  the  deadly  nature  of  the  rspnsi 
Full  particulars  upon  all  tbc^  points  are  given  by  51.  Bunsea  ii 
the  interesting  and  remarkable  series  of  memoirs  which  lie  h» 
published  upon  the  eompouuda  of  kakodyl  and  its  deriratiiiis^ 
Thcae  papers  are  worthy  of  earcful  study  as  models  of  ingeuititr 
and  precision  in  the  prosecution  of  a  research  beset  with  unosc*! 
dtlBculty  and  danger  (Liebig'a  Annai,  xxxvii.  i  ;  xlii.  14;  4iul 
xW,  i).  Oxide  of  kakodyl  is  a  colourlesfi,  limpid^  ethereal  liqM 
eiulowed  with  a  penetrating  odour,  and  boiling  at  about  24S";ii 
is  insoluble  in  water,  but  soluble  in  alcohol.  It  slowly  aljeorW 
oxygen  from  the  air,  and  combines  with  acids  to  fomi  salti:  tkr 
sulphate  crjstalliEcs  in  radiated  needles. 

Oxide  of  kaktxlyl  also  combines  with  the  electrY^-negstiit 
chlorides  with  facility.  If  an  alcoholic  solution  of  corrosive  subli- 
mate be  mixed  with  a  dilute  solution  of  Cadefs  liquor  in  ale«jli"l 
an  abunilant  white  preci]Htate  is  formed,  and  the  intolerable  odour 
of  kakodyl  disappears  completely.  The  precipitate  if  colJect<?4 
presseil  to  rcmove  tlie  adhering  mother  liquor,  and  red  I  '  'in 
lK)iIiug   water,   is   dc|josit('d   in    well   defined   ciystals  0, 

HgCl).  The  ready  format iori  of  this  crystalline  compound  oflcri 
one  of  the  l>est  means  of  purifymg  the  crude  compounds  of  kako- 
dyl. When  this  mercurial  conipoimd  is  distilled  with  concentimted 
hydn>chloric  acid  it  furnishes  chloride  of  kakodyl  (C^HqAsJCI  tft 
the  form  of  a  colourless  liquid,  which  Ijoils  at  about  2 1 2*^,  and  is  nol 
froxen  by  a  eold  of  — 49°.  It  takes  fire  spontimeously  in  the  air, 
and  in  an  atmosphere  of  chlorine ;  in  the  latter  case  depositiiatg 
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carbon  abundantly.  Its  vapour  is  still  more  deleterious  than  that 
of  the  oxide:  chloride  of  kakodyl  is  insoluble  in  water  and  in 
ether^  but  very  soluble  in  alcohol.  Iodide  and  bromide  of  kakodyl 
may  be  obtained  by  treating  the  mercurial  compound  with  hydri- 
odic  or  with  hydrobromic  acid. 

The  cyanide  of  kakodyl  (C^IIqAs,  C,N  j  or  KdCy)  shows  a 
remarkable  tendency  to  crystallization ;  it  appears  to  be  the  most 
deadly  compound  of  the  whole  series^  a  single  grain  diffused  in 
vapour  through  a  room  being  sufficient  to  produce  numbness  of 
the  hands  and  feet,  vertigo,  and  even  syncope  in  those  exposed  to 
its  effects.  It  may  be  obtained  in  brilliant  prisms  which  fuse  at 
91°,  and  boil  at  about  284°,  by  decomposing  a  concentrated  solu- 
tion of  cyanide  of  mercury  with  oxide  of  kakodyl,  and  rectifying  the 
crystals  over  caustic  baryta.  The  vapour  of  cyanide  of  kakodyl 
has  a  density  of  4*63. 

Sulphur  combines  with  kakodyl  in  three  proportions;  the 
protosulphide  of  kakodyl  (KdS)  is  a  colourless,  very  foetid  liquid, 
which  absorbs  oxygen  rapidly  from  the  air.  Its  boiling  point  is 
above  212°,  and  it  emits  a  vapour  of  sp.  gr.  772.  It  is  readily 
soluble  in  alcohol  and  in  ether :  it  combines  easily  with  an  addi- 
tional quantity  of  sulphur,  and  becomes  converted  into  the  solid 
bisulphide  (KdS^).  The  tersulphide  (KdSa)  possesses  the  proper- 
ties of  a  sulphur  acid.  If  an  alcoholic  solution  of  the  proto- 
sulphide be  mixed  with  an  alcoholic  solution  of  nitrate  of  copper, 
octohcdral  crystals  of  adamantine  lustre  are  deposited ;  they  arc 
permanent  in  the  air,  and  consist  of  a  double  sulphide  of  kakodyl 
and  copper  (C^UflAsS,  CuS).  The  protosulphide  of  kakodyl  may  be 
obtained  by  distilling  Cadet's  liquor  with  sulphide  of  barium. 

Kakodylic  acid  (HO,  C^Yl^s,  O3)  crystallizes  in  oblique  equi- 
lateral prisms  which  are  soluble  in  water  and  in  alcohol.  It  is 
remarkable  that  it  appears  to  possess  little  or  no  poisonous  action 
upon  the  animal  system,  seven  grains  of  it  having  been  injected 
into  the  blood  of  a  rabbit  without  producing  any  marked  effect. 
It  is  a  weak  acid,  and  decomposes  the  carbonates  slowly.  Its  salts, 
with  the  exception  of  the  silver  salt,  crystallize  with  difficulty. 
The  acid  is  easily  obtained  by  treating  oxide  of  kakodyl  with  red 
oxide  of  mercury :  metallic  mercury  is  reduced  whilst  the  acid  is 
dissolved. 

(1039)  Arseniodiethyl  (Cf,HioA8=:2  (C4ll5)As)  forms  a  series  of 
compounds  parallel  to  those  of  kakodyl,  but  it  does  not  so 
instantaneously  burst  into  flame  on  exposure  to  air,  and,  gene- 
rally, its  affinities  are  somewhat  less  powerful. 
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(J040)  Arsenioirimethyl  3(C^H3)As,  corresponds  in  comp 
with  the  atmlogous  coinpouucl  of  the  ethvl  series,  wliich  has  I 
more  conipletely  examined* 

Arsmiutriethyl  [Ci;,Hi5A8=3(C4Hs)  As]  ;    Sp^gr.  of  liquid  ri^ 
qf  vapour  5*278, — This  is  a  fuming,  colourless,   mobile  liquid,  1 
high  refracting  power,  with  the  oppressive  odour  of  arsenni 
hydrogen.  It  is  miscible  with  alcohol  and  ether,  but  not  with  wa 
It  begins  to  boil  at  284';  but  it   undergoes  partial  dcxM^mpoeiti 
dnring  distillation.     It  does  not  usually  take  fire  by  exposnit 
the  air  niilcss  gently  heated,  though  it  rapidly  ahs-orbs  r. 
also  becomes  grailiudly  oxidized  if  its  solutiuu  in  ether  h 
to  the  air  J    and   it  theu  produces  a   base,  3  (C^HJAsO,.  wli 
requires  two  equivalents  of  acid  for  its  saturation,      A  sulpliid 
chloride,  and  iodide  may  be  obtained,  eaclj  of  which  contains  U 
equivalents  of  the  electro* negative  body  to  one  of  arseniotrietiyl^ 
the  iodide  having  the  formula,  3  (CJi5)As,  I2.     Arseniotricthyl  1 
obtained  ]>y  the  actiou  of  iodide  of  ethyl  ujx>n  an  alloy  of 
and   sodium ;   under   tliese   cii*cumstances   it    is   accompanied 
arscniodietbyl,  from  which  it  is  sepamted  by  distillation;  the  hita\ 
compound  being  the  less  volatile,  remains  in   the    retort, 
operations   must   be  performed  in  vessels  filled  witli  carbonic  i 
gas.      The  comjxmnds  of  arseniotriethyl  have  the  closet 
with  those  of  jHlibiotricthyl  (1043). 

( 104J )  Divide  oJArumiotetrethyHum^  4(C^HgAs)0. — If  arsenic 
ethyl  be  treated  with  iodide  of  etliyl,  it  combines  with  it  and  forms  I 
new  compound,  wliich  luis  been  termed  iodide  of  arseniotetretbv 
lium  [4  (C\FL.)As,  1],  It  may  be  crystallized  from  water  or  from 
alcohol,  and  when  its  aqueous  solution  is  treated  with  oxid-  / 
silver,  iodide  of  silver  is  formed,  while  the  oxide  of  arscniotetixcn- 
lium  is  obtained  in  sohition.  It  may  be  procured  in  the  form  ofi 
white  liydrated  solid  by  evaporation  in  vunWy  and  like  the  orditiAlT 
ammonium  bases,  it  presents  the  properties  of  a  pow^crftd  atiil 
caustic  alkali*  It  forms  crystallizable  salts^  which  when  neiatnl 
contain  1  equivalent  of  acid* 

By  treating  kakodyl  with  iodide  of  ethyl,  an  iodide  of  araenio 
mtthyktiijfihtm  [2  (C^HJ  2  (C^Ha)  I]  is  formed  ;  from  which  thf 
oxide  [2  (CiHs)  a  (QHa)!,  OJ  may  be  obtained  by  the  action  of 
oxifie  of  silver,  A  corresponding  compound  containing  ainvl 
[2  (C;,^IIi,)  2  (C^H.^)!]  niay  be  obtained  by  subt^itituting  iodide  of 
amyl  for  iodide  of  ethyl  when  acting  upon  kakodyl.  The  attctnpta 
to  isolate  the  unoxidized  compound  metals  of  the  form  of  arscnio- 
tetrethylium  [4  (C^H5)A8]  have  as  yet  been  fruit 
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{c)  Compounds  of  Antimony  with  the  Alcohol  Radicles. 

(1042)  The  alcohol  derivatives  of  antimony  have  been  carefully 
examined  by  Lowig  and  Schweizer  (Liebig's  Annalen,  Ixxv.  315), 
and  by  Landolt,  {lb.  Ixxviii.  91^ 'and  Ixxxiv.  44).  No  compounds 
of  antimony  corresponding  to  the  kakodyl  series  have  been  dis- 
covered ;  but  those  analogous  to  the  second  and  third  class  of  the 
arsenical  compounds  have  been  studied.  The  following  are  the 
principal  compounds  with  methyl  and  with  ethyl  which  correspond 
to  the  second  scries  of  the  arsenical  compounds : — 

Stibiotrimethyl     .     .     .  C,  IT,  Sb  =3  (0-^3)815 

Oxide  of  stibiotrimethyl  C,  H,  Sb.  O,  =3  (C!lTj)Sb.  O, 

Sulphide  „  C,  H,  Sb,  S,  =  3  (VJl  j^\k  S, 

Chloride  „  C,  H,  Sb,  Cl,  =  3  (i^H,)Sb.  Cl, 

Sulphate  „  C,  H,  Sb,  O,.  2  SO,  =  3  iLyt^iSb,  O,.  2  SO, 

Nitrate  „  C,  H,  Sb,  O,.  2  NO,  =  3  (€,e,}Sb,  O,.  2  NO, 

Stibiotriethvl   ....  CjjHijSb  =  3  {C;H"j)Sb 

Oxide  of  stibiotriethvl  .  CijIIi^Sb,  O,  =3  (C  JJjSb,  O, 

Sulphide  „  C,3H,,Sb.  S,  =3  (C.H  jSb,  S, 

Chloride  „  C,,H„Sb,  Cl,  =3  (C.HjSb,  CL 

Sulphate  „  C„H,,Sb,  O,.  2  SO,  =  3  (C,n^)Sb.  O..  2  SO, 

Nitrate  „  C„Hi,Sb,  O,.  2  NO,  =  3  (C,H,)Sb,  O.,  2  NO, 

The  radicles  stibiotrimethyl  and  stibiotriethyl  at  the  first  glance 
seem  to  resemble  ammonia  in  composition,  since  they  correspond 
to  antimoniuretted  hydrogen  in  which  the  three  equivalents  of 
hydrogen  have  been  displaced  by  methyl  or  by  ethyl,  but  they 
entirely  differ  from  ammonia  in  their  mode  of  combination ;  they 
each  form  an  oxide  with  two  equivalents  of  oxygen;*  and  this 
oxide  requires  two  equivalents  of  hydrochloric  or  of  nitric  acid  for 
its  saturation.  Frankland  views  stibiotriethyl  as  the  representative 
of  the  oxide  of  antimony  (Sb03),  in  which  the  three  equivalents  of 
oxygen  have  been  displaced  by  an  equal  number  of  equivalents 
of  ethyl ;  oxide  of  stibiotriethyl  representing  antimonic  acid 
(SbOj.  O2).  A  similar  explanation  may  be  applied  to  the  corre* 
sponding  compounds  of  arsenic,  arseniotriethyl  and  its  oxide. 


•  Merck  conBidere  that  he  hae  proved  that  the  oxide  of  stibiotriethvl 
is  monobasic,  and  contains  only  i  equivalent  of  oxygen,  and  that  the  iodiae 
of  Lowig  and  Schweizer  is  3  (C4H5)  Sbl,  HI,  and  not  a  biniodide,  from  which 
it  differs  by  containinf<  i  equivalent  more  of  hydrojj^en :  and  he  has  obtained 
a  aubstanoe  in  brilliant  octohedral  crystals,  which  ho  represents  as  3  (C^H,) 
Sb,  1m  by  aciine  upon  Lowig's  biniodide,  with  ammonia.  It  is  not  imjx)8siblc, 
however,  that  Merck's  compound  is  an  oxy iodide  [3  (C4H()Sb,0,I] ;  m  which 
GM0  the  differenceB  between  its  discoverer,  and  L5wig  and  Schweiser,  would 
all  be  aocoaiited  for  i  but  the  subject  requires  further  invettigatioii, 
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Antimony  also  forms  a  second   clnss  of  orgfmo-metallic  coro- 
jiitU,  tUc  metliyl  series  of  which  ia  represented  as  folloni:— 

Oiride  of  SiibiotetTamt'tliylium  C.H„SbO  =:  4  (C^H^)  Sb.  O 

Sulphide  „  C,H«SbS  =  4  ^-'"     <h.  8 

Chlopido  „  C,H„SbCL  =  4  1.,  CI 

Hulphiit4>  M  4  -   '»   *^o 

Biwulpimto  »,  4  2  Sn 

l^itrfttc  M  4  I    -,.-,,    -:    ,     .-  J,- 

This  group  appears  to  correspond  exactly  with  the  anunomnn 
series,  with  which  indeed  it  presents  the  most  striking  analogies 
Still  it  admits  of  being  regarded  from  Franklaud's  point  of  rinr, 
in  which  case  its  oxide  would  be  rcgartlccl  as  a  compound  com- 
8]>onding  to  antimonic  acid,  in  which  the  places  of  4  out  of  Ikj 
equivalents  of  oxvgcn  are  occupied  by  an  equal  number  of  cq\un> 
leutii  of  mctbvl  ;  tlius^ 

jbilitttotiir  Ariil.  Oxidi*  of  Stlbif>t«>trM>i^Kyliiii , 

(SboTo)  ;  (Sb  4  (C^JToy 

this  new  oxide  requires  only  1  eqiiivalent  of  an  acid  for  its  satoii- 
tiou.  In  connexion  with  this  view  it  is  worthy  of  remark  tkt 
neither  stibiotetramcthylium  [4  (C2lI^j}Sh]  nor  its  anhydrous  ande 
liasi  hitherto  been  isolated  ;  and  in  the  nitrogen  series,  both  ammo- 
niutn  and  oxide  of  ammonium  are  unknowm  in  a  separate  fomi^ 
These  spectilatious  npon  molecular  arrangement  mu&t»  hcwr- 
ever,  await  the  result  of  further  experiment,  before  any  decitU 
opinion  can  be  formed  ufjon  their  merits. 

(1043)    Stibethyl,  or  SHMotrieihyl  [3  (C^Ha)Sb]  ;  Sp,  ffr.tj 
Hqmd,  1324,  0/  vapour  7  438. — In  order  to  procure  stibiotriethyl, 
an  alloy  of  antimony  with  potassium  must  be  prepared  by  heatiaf 
a  mixture  of  4  parts  of  jKiwdered  antimony  and  5  of  crude  tartar  in 
a  covered  enieible.      This  alloy,  after  being  reduced  to  powder,  is 
to  be    mixed   with   three   times   its   weight   of  siliceous  sand  anl 
placed  in  a  retort   with  iodide  of  ethyl      The  operation  must  b 
conducted  upon  small  quantities  at  a  time,  and  in  an    atmosphev^ 
iX  cariHinic    aeid  :    it    requires  a   number  of  minute    preeautioni 
(Iri^lg    and     Schw^cizcr,    ioc,   cit),       Stibiotricthyl    is    a    hcmfjp 
limpiA  t^Hidf  with  an  uasupportable  odour  of  onions.       It  is  inao- 
likHk  ki  ^•a^tt^r^  hut  very  soluble  in  alcohol  and  in  ether,       \Xhm 
pcti  into  pure  stibiotriethyl  and  exposed  to  tlie 
t*  dense  white  fumes,  and  takes  fire  in  a  few 
^Mth  A  white  luminous  flame.    It  boils  at  Xl'f* 
i  »*?^e8    concentrated    hydrochloric    aeid* 
whilst    bichloride   of  stibiotriethyl   ia 
/  oil. 
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Tlie  binomde  is  obtained  by  acting  on  stibiotricthyl  witli  red 

to&ide  of  uiercury.    It  forma  a  viscous  transparent  liquid^  soluble  in 

rater  and  in  alcohol.    The  fiolutiou  has  a  very  bitter  taste^  but  it 

Pdoes  not  api>ear  to  be  poisonous,  it  is  not  volatile,  and  forms  salts 

I  which  crystallize  with  difficulty,  except  the  nitrate,  which  forma 

[beautiful  rhomboidal,  readily  soluble  crystals,  wliich  melt  at  144*' 

into  a  colourless  liquid,  and  are  decomposed  with  deflagration  on 

raising  tlic  heat. 

I  Bimiipfiide  of  Stibhirkthyl  [3  (C^L.)  Sb,  S^].— If  stibiotriethyl 
and  sulphur  be  mixed  under  water,  they  enter  directly  into  com* 
biuatiou,  and  great  heat  is  evolved  duriug  the  reaction  :  the  com- 
pound i»  soluble  in  water,  and  may  be  obtained  in  crystals  ou 
evaporation.  This  solution  when  mLxed  with  solutions  of  the 
metallic  salts  precipitates  the  metallic  sulphides,  (just  as  sulphide 
I  of  potassium  would  do,)  while  a  salt  of  oxide  of  stibiotriethyl 
remains  dissolved  : — for  instance,  if  sulphate  of  copper  be  mixed 
with  a  solution  of  sulphide  of  stibiotriethyl,  sulphate  of  stibiotri- 
I  ethyl  and  sulphide  of  copper  are  formed  : — 

3(C,HaSK  S3   ^   2(CiiO,  SO3)  =   3(CuS)   -f  3{C,H,)8bO,.aSO,. 
Budodide  of  Stibiolriethyl  is  soluble  in  alcohol,  from  which  it 
crystallizes  in  long  transparent  colourless  needles.    It  is  also  soluble 
in  ether  and  in  hot  water. 

Stibiolrimeih^l  [  3(C./n3)Sb]  may  be  formed  in  a  manner  simi- 
lar to  that  directed  for  stibiotiiethyl,  which  in  properties  it  greatly 
resembles. 

(1044)  Oxide  of  Stibiotetramethyiium  [C^li^^hO  =  4  (CjjHa) 
Sb,  O). — When  stibiotrimethyl  is  brought  into  contact  with  iodide 
of  methyl,  the  two  bodies  combine,  and  a  crystalline  iodide  of 
stibiotetramethyiium  is  the  result : 

Iodide  of 
Btlbiolrim^tb jl.  Iodid«  of  Methf L    Sti^otet  r&m^th yli  u  m. 

3  (aHa)  Sb  +  "C^HJ  =  4(CaH,jSb,L 
This  compound  is  soluble  in  boiling  water  and  in  alcohol,  from 
either  of  which  solutions  it  may  be  obtained  in  crystals.  When 
treated  with  oxide  of  silver,  the  oxide  of  stibiotetramethyiium  is 
separated,  whilst  iodide  of  silver  is  formed.  This  oxide  is  freely  solu- 
ble in  water  and  in  alcohoL  Its  solution  is  very  caustic  and  absorbs 
carbonic  acid  from  the  air,  presenting  most  of  the  usual  characters 
of  an  ammonium  base,  and  precipitating  many  of  tlie  metallic  oxides 
from  their  salts.  Upon  evaporating  its  aqueous  solution  in  tmcuo, 
the  oxide  may  be  obtained  iu  crystals,  which  if  heated  with  due 
care  in  a  tube,  may  be  volatilized  without  undergobg  decomposition* 
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Its  salts  are  very  stable  and  are  readily  soluble;  thpy  have  abitte 
taste,  but  are  not  poisonous;  they  present  great  similarity  in  appe^ir- 
ance  to  those  of  potash  and  ammonia.      On  the  addition  of  scnlt 
or  potash  to  their  solutiouSj  the  oxide  of  stibiotctramethylium  is 

liberated. 


CHAPTER   IV, 

AMIDES,   AND    ORGANIC    BASES. 

§  I.    Amides   and    their   Varieties. 

(1045)  Amides. — It  has  been  already  stated  (312),  that 
certaiB  circnmstancej*  a  portion  of  the  hyrlrogen  of  ammonia  may  be 
displaced  by  |>otassium,  and  a  compound  is  thus  formed  ooasLsting  of 
Kn2N,  which  has  been  termed  amide  of  potassium.  When  oxalate 
of  ammonia  is  submitted  to  diatillationj  a  white  sublimate  ka 
obtained  (507^  note),  in  which  the  elements  of  oxalate  of  ammoui 
minus  2  equivdents  of  w^ater,  are  present ;  to  this  sublime 
Dumas,  by  wbom  it  was  discovered,  gave  the  name  of  oxamid 
The  following  equation  represents  the  relatiou  which  exists  betwc 
oxamide  and  oxalate  of  ammouia  : — 

OiftUlf*  of  AmmotiiA^  rVf^niidC!^. 

II.NO,  C2O3    =   H^NCA    +    illO; 

or  if  the  oxalic  be  regarded  as  a  dibasic  acid  i — 

ilCH^N,  O)  CA  =  2  (H,N)  CA  ^  4  HO. 

Now  it  is  found  that  other  salts  of  ammonia,  when  snbmitt 
to  dry  distillation^  or  otlierw ise  depnved  of  water,  yield  eompoun 
analogous  to  oxamide.    Wlieu  the  ammonia  salts  of  the  mono 
acids  lose  2  equivalents  of  water,  or  wbeu  the  neutral  anunou 
salts  of  the  dibasic  acids  lose  4  equivalents  of  water,  the  result! 
compounds  are   called   anddes ;  those  obtained  from  the   di 
acids  being  further  distinguished  as  diamides.      It  has  been  pi 
posed    to   account  for  the   formation  of  these   compounds  by  tho 
hypothesis,  that  they  contain  a  certain  hydride  of  nitrogen,  whic 
has  not  hitherto  been  procured  in  a  separate  form,  but  to  which  tl 
componitjon   H3N,  and  the  name   of   mnidogeti  (312)   has   beca 
assigned. 

( 1046)  M/rt/e#.— But  the  amides  themselves  also  admit  of  1 
deprived  of  water :  and  when  the  aniide  of  a  monobasic  acid  has 
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been  made  to  lose  two  additional  equivalents  of  water^  it  yields  a  com- 
pound belonging  to  a  class  known  under  the  generic  term  of  nitriles, 
Acetamide^  less  two  equivalents  of  water,  yields  aceto-nitrile : — 

Acetamide.  AeeCo-nitrile. 

Xn.C.U.O,     =     jHO    +     HN.C.H,; 
and,  in  like  manner,  oxamide  gives  oxalo-nitrile ; — 

OxMBida.  OxAlo-mtrile. 

3(H,N)C^04     =     4HO     +     2(NCJ. 

It  is  worthy  of  remark,  that  oxalonitrile  has  the  same  com- 
position as  cyanogen,  and  is  not  only  metameric,  but  also  identical 
with  it ;  so  that  cyanogen  admits  of  being  regarded  as  the  nitrile 
of  oxalic  acid ;  and  thus  a  certain  analogy  may  be  traced  between 
cyanogen  and  the  products  obtained  by  the  dehydration  of  the 
ammonia  salts ;  the  nitriles  of  the  fatty  acids  HO,  (C.H,^i),  Oj, 
being  in  fact  identical  with  the  hydrocyanic  ethers  (997).  These 
nitriles,  when  fused  with  potassium,  yield  cyanide  of  potassium 
and  disengage  hydrogen,  mixed  with  gaseous  hydrocarbons.  The 
nitriles,  when  treated  with  an  alkali,  do  not  reproduce  hydrocyanic 
acid,  and  their  corresponding  alcohol ;  but  they  recombine  with  the 
elements  of  water,  and  form  ammonia,  and  a  salt  of  the  original  acid 
from  which  the  nitrile  was  obtained.  Thus,  benzonitrile  when  boiled 
with  a  solution  of  potash,  yields  beuzoate  of  potash  and  ammonia : — 

Benzonitrile.  Bensoftte  of  Potash. 

(5i^H^  -f  KO,  HO  +  2H0=  to.  C„H.6,  +  H,N. 

Tlie  nitriles  may  also  be  obtained  from  the  corresponding  am- 
moniacal  salts,  by  the  action  of  an  excess  of  anhydrous  phosphoric 
acid : — in  this  way  benzoate  of  ammonia  may  be  converted  into 
benzonitrile,  since  the  latter  contains  the  elements  of  benzoate  of 
ammonia  deprived  of  4  equivalents  of  water ;  the  hydrogen  being 
supplied  from  the  elements  of  the  ammonia,  whilst  the  oxygen  is 
derived  mainly  from  those  of  the  acid : — 

Bensoate  of  Ammonia.  Benxonitrfla. 

H,NO,C^io,    =    4HO    +    C„H,N. 

None  of  the  nitriles  hitherto  procured  contain  oxygen,  since 
all  the  salts  which  at  present  are  known  to  yield  them  are  formed 
either  from  monobasic  acids  of  the  form  (HO,  C^H^Os)^  or  from 
dibasic  acids  of  the  form  (a  HO,  C,H^Oe). 

The  relations  subsisting  between  benzoate  of  ammonia,  benza- 
mide,  and  benzonitrile,  will  exhibit  the  nature  of  the  connexion  be- 


230 


AMIPATBD    At 


tween  the  ammonia  salt,  the  amide^  and  the  uitriie  of  a  mono 
acid: — 


B«aftattt«  of  AinindOiA, 


and  H^NCi.HA   —   2  HO    =   C^^H^N. 
(1047)  Amidated  Atuh, — If,     instead    of    operating   upon 
neutral  salt  of  ammonia,  obtained   from  either  a  monofjasic  Qt{ 
dibasic  acid^  any  of  the  acid  salts  formed   by  ammonia  wilk 
dibasic  acids  be   subjected   to    dehydration,    a   body    is 
belonging  to  the  class  of  amidic,  or  amidaied  acids.    M.  B^afd  i 
distilling    biiioxalatc  of  ammonia  thus  obtained  an  azotised 
which  has  been  terra c<]  oxamic  acid  :■ — 

Acid  Oiftlut«*  Dr  Ammooiii^  OxAinic  AHd_ 

B^^O,  HO,  CA  =    iHO    -h    UoTsL^To^t- 
Til  18  substance  may  serve  as  the  type  of  a    numerons 
com|M3und  acids,  formed  in  a  siQiiJar  manner.     The  ammotii 
hydrogen,  and    the  portion  of  the  acid    attached  to  the 
nia  of  tbe  original   salt  loses  oxygen,  whilst  that   portion  of  1 
which   was  attached  to    water    as  a  base    remains   unaltered;  1 
that  oxamic  acid  may  be  viewed  aa  a  compound    of   onchan^ 
oxahc  acid  and  of  o^tamide : — 


Oxftmic  •cift 


Ox^neMid. 


aCHO.HjN.CA)    =    a(H,N)CA     +     3  HO.  C,0^. 
Tlie  amidated  acids  may  also  be  obtaiiied  by    acting  upon 
anhydride  of  a  dibasic  acid  (iioi)  with  dry  ammonia    in  cxo 
the  two  bodies  combine  together,  but  the  cora[>ound  which  is  pro- 
duced is  found  on  examination  to  give  evidence  of  the  presence  of 
but  one  half  of  the  ammonia  in  the  form  of  an    ordinary  amma* 
niacal  salt ;  the  second  half  having  united  with  the  elements  of 
the  acid  to  produce  a  new  compound  aeirl,  which    is  the  amidatc^ 
acid  of  tbe  one  oiiginally  employed  (Laurent).      Thus^   1  equi^i^ 
lent  of  anhydi'ous  camphoric  acid  when  acted  upon  by   i  equi^^l 
lent  of  ammonia,  yields    1    equivalent  of  hydrated  camphoraifll^ 
acid ;  the  decorapositiou  being  supposed  to  consist  in  the  eonveraoa 
of  one-half  of  tbe  acid  into  camphoramide,  while  an  equitaleDt 
of  water  is  given  off  and  enters  into  combination  with   the  other 
half  of  the  acid  ;  these   two  bodies,  camphoramide  and    hY( 
camphoric  acid  then  miite  and  form  tliC  new  acid  : — 


I  eq.  of  C«iiiu)ioric 
Anhydride. 


i, 


eq .  of  Ilydrmtcs! 
ajnphoric  Jioid. 


+    H,N    = 


no.  Cj^HyO^ 


I  «q.  of  Ounplicprttmid*. 


t  i^.  of  Hjdnted  CfttupborAQtlo  Adui. 
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This  amidated  acid  may  be  converted  into  camphoramate  of  am- 
monia by  causing  it  to  unite  with  a  second  equivalent  of  ammonia. 
The  amidated  acids  may  therefore  be  viewed  as  monobasic 
compounds  derived  from  dibasic  acids^  in  which  one  half  of  the 
group  composing  the  original  dibasic  acid^  is  displaced  by  one  half 
of  the  group  which  forms  the  amide  of  the  acid ;  the  combination 
of  I  equivalent  of  the  original  dibasic  acid  with  i  of  the  amide 
furnishing  2  equivalents  of  the  monobasic  amidated  acid.  To  take 
again  the  case  of  the  camphoric  acid  : — 

Hjdr»t«d  Camphoric  Acid.  CunphonMnide.  Hjdrsied  Cunphoramic  Add. 

When  the  aqueous  solutions  of  the  amidated  acids  are  boiled, 
they  quickly  assimilate  the  elements  of  water,  and  become  recon- 
verted into  acid  salts  of  ammonia. 

(1048)  Imides. — Intermediate  between  the  amides  and  the 
nitriles  there  is  a  third  class  of  bodies,  the  imides,  which  contain 
nitrogen,  and  in  which,  if  we  are  consistent,  the  existence  of  a 
body  termed  imidogen  HN,  (or  ammonia,  less  two  equivalents  of 
hydrogen,)  must  be  assumed  to  exist.  These  compounds  are  not 
numerous,  but  several  of  them  are  well  known.  Tliey  are  obtained 
by  a  process  of  dehydration  from  certain  acid  salts  of  ammonia, 
and  from  the  amidated  acids  procurable  from  these  salts ;  succinic, 
camphoric,  and  phthalic  acids,  for  instance,  each  yield  imidated 
compounds.  The  relation  of  these  bodies  to  their  respective  acids 
will  be  seen  by  the  following  comparison  : — 

SHydrated  camphoric  acid 2  HO,  CJE^fiy^ 

Acid  camphorate  of  ammonia HO,  Pi^NO,  C-0H.4O, 
Camphoramic  acid  (amidated  camphoric  acid)      HO,  H.N,  C^HuO^ 

Camphorimide HN,  C^B,^fi^ 

! Phthalic  acid 2  HO.  C.gH.Oe 

Acid  phthalate  of  ammonia HO.  li^NO.  C.-H^O, 

Phthalamic  acid  (amidated  phthalic  acid)       .  HO,  H.N,  Ci^H^Of 

Phthalimide HN,  C,eH,0,. 

Hence  it  will  be  perceived,  that  the  imides  are  bodies  formed 

from   the   amidated  acids  by   depriving  these  compounds  of  two 

equivalents  of  water,  just  as   the  amidated  acids  are  themselves 

obtained  from  the  acid  salts  of  ammonia  by  depriving  the  latter  of 

two  equivalents  of  water  : — 

Acid  Camphorate  of  Ammonia.  Hydrate  Camphoramic  Add. 

x  -^        — ^ 

HO.  H,NO.  C^H,,0,  =    2HO     +     HO.  H,N.  C„H„Oj;  and 

Hydrated  Camphoramic  Acid.  Camphorimide. 

HO,  HjN,  C»H„0,    =    3HO    +    HN,C»H^, 
The  theory  of  the  existence  of  amidogen  and  imidogen  as  dis- 
tinct organic  grpups  or  radicles  in  these  different  bodies^  does  not^ 
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u]»on  a  jroiioral  view  of  the  question,  appear  to  have  any  ve 
l»rn^;il»iliiy.  It  was,  indeed,  pro^wsctl  merely  as  a  tei«i>or 
(liiMit  for  reijrescntinp:  the  facts.  The  diftereiit  groups  desij 
aniiiU's,  iiiiides,  and  nitriles,  must  rather  be  regarded  as  reSi 
rr-ults  of  sucecssivc  stages  of  dehydration.  The  terms  tl 
ii.ny.  however,  he  conveniently  retained,  provided  that  th< 
i.Mt  taken  to  inijily  an  adhesion  to  the  theory  in  accord; 
^\li:ih  tlioe  names  were  framed. 

Wc  may  sum  up  the  foregoing  facts  in  the  following 
The  iomi>ounds  which  correspond  to  the  neutral  ammonia 

I.  The  auiidts,  produced  by  the  combination  of  the  1 
a  luoiK^lKisio  aeid  with  i  equivalent  of  ammonia,  and  the 
tioii  of  2  equivalents  of  water. 

z.  'Vhv  (I'utiitidvSy  i)nxluced  hy  the  combination  of  i  ( 
of  I  lie  hyihated  dibasic  acid  with  2  equivalents  of  ; 
u:uiuli'd  by  the  separation  of  4  equivalents  of  water. 

3.  The  nltnh'S,  produced  by  a  combination  of  1  equ 
a  hyilrated  monobasie  aeid  and  i  of  ammonia,  minus  4  HO 

I  equivalent  of  the  hydrate  of  a  dibasic  acid  and  2  equi^ 
aminonia,  minus  8  equivalents  of  water. 

The  com^Kjunds  which  corresi)ond  to  the  acid  ammc 
are  : — 

4.  Amidated  acids,  formed  from  i  equivalent  of  the 
of  a  dibasii*  acid  and  1   of  ammonia,  minus  2  IIO. 

3.  Lnidi's,  formed  from  i  t^fpiivalcnt  of  a  hydrated  dil 
and-iHie  of  ammonia,  with  elimination  of  4  IIO. 

^iC4iy-  llydrunddcs. —  Besides  the  varieties  of  amides 
mentii>ued,  a  partieuhir  cla-ss  ofeom|)ounds  is  formed  bj'  t 
^of  annnouia  upon  certain  vohilile  oils,  which  apj)car  to  1 
\\\c  srro\qi  of  aldehyds.  These  bodies,  termed  hydramides 
^  \A\K\\  by  the  union  of  3  ecpiivalents  of  the  volatile  oil  an 
>'.'.-.'1n  of  ammonia,  while  6  equivalents  of  water  are  » 
»'.»i-  \*./.;*l>  of  this  kind  arc  formed  with  the  essential  oils 
.j.»»  .  .  V   ,^t'  spinva,  of  einnamou,  of  cummin,  and  of  anise 

»;..i..  .   .■    !!,•:■  s.«\!.  IlyilriiWiizamiiio. 

.    •:  v»  in   +   2{\i;s)  =  tv".3^      +   en 

.  Vi.-.  *■.  S;iihvi]raniit)e. 


.  .»,  T    r    -mIT^N)   =   V'Si^yp,   +   6H( 

•.  \  Ji\,\;eu  i!i  iu'ting    upon  the  hydramidos,   . 
.    .».     i.uiio^ou.^  to  the  essences  from  which  th 
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originally  obtained ;  but  the  new  essences  contain  as  many  equi- 
valents  of  sulphur  as  they  previously  had  lost  of  oxygen,  the 
ammonia  being  separated  in  the  form  of  hydrosulphate ;  thus, 
thiobenzole  is  obtained  from  hydrobenzamide,  and  thiosalicole  from 
salhydramide : — 

Hydrobeni 


C«H„N,        +     6HS     =    »(H^)    +    3(C„H.8^H); 

Balhydnkmidfi.  ThioMtUoole. 


r- 


C,,H„N,Oe        +      6HS     =    3(H,N)    +    3(CnHA0^H). 
(1050)    Preparation   and  properties    of   the    Amides. — ^The 
amides  may  be  prepared  by  various  methods : — 

1.  They  may  be  obtained  by  the  simple  distillation  of  the 
ammoniacal  salts,  in  the  manner  practised  by  Dumas  for  procuring 
oxamide  from  oxalate  of  ammonia. 

2.  Liebig,  in  the  preparation  of  the  amides,  takes  advantage  of 
the  reaction  which  occurs  when  the  compound  ethers  are  mixed 
with  ammonia,  which  may  be  employed  in  the  form  either  of  an 
aqueous  or  of  an  alcoholic  solution.  The  result  of  this  decomposi- 
tion is  the  formation  of  an  alcohol,  and  of  the  amide  of  the  acid 
contained  in  the  ether ;  for  example : — 

Oxalic  Ether.  Ammonia,  Alcohol.  teamidf. 

2C,H40,  C,Oe  +  2(H,N)  =  2  (C^UjO,  HO)  +  2  (H.N)  C,0,. 
This  method  is  far  superior  to  the  first ;  it  is  of  more  general 
application,  and  the  results  which  it  yields  are  perfectly  definite, 
being  produced  by  a  specific  mode  of  double,  decomposition. 
Sometimes  the  reaction  does  not  occur  immediately;  it  may  in 
such  cases  be  facilitated  by  inclosing  the  ammonia  and  ether  in  a 
sealed  tube,  and  exposing  the  mixture  for  some  hours  to  a  tempera- 
ture of  212°.  In  this  manner  benzamide  is  obtained  speedily, 
although  it  requires  many  weeks  at  the  ordinary  temperature  to 
effect  the  decomposition.  If  other  alkalies  analogous  to  ammonia 
be  substituted  for  the  ammonia  in  this  reaction,  com{)ound8  analo- 
gous to  amides  are  formed :  thus,  if  aniline,  or  mcthylia,  or 
ethylia,  be  mixed  with  oxalic  ether,  oxanilide,  oxamcthyiidc,  or 
oxethylide,  will  be  formed,  thus : — 

Oxalic  Ether.  AniHne.  Alcohol.  Oxanilide. 

a  C^H.O.  C,0,+3'(CuH,.  H,N)=i(C,n.orHO)+2(ircljI,.  K)  C\6« ; 

Oxalic  Ether.  Ethylia.  Alcohol.  Oxethylidp. 

and  2  C,H,0,C,d,+   C,H„H,N^  =2'(C,H,0,  HO) +2  (H,  C,U,.  N)"c7o,. 

3.  Oerhardt  and  Chiozza  prepare  many  of  the  amides  with 
facility,  by  treating  the  solid  sesquicarbonate  of  ammonia  with  the 
oxycblorides  (1097)  which  correspond  to  the  anhydrides  (1099)  of 
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those  acids  of  whidi  the  amides  are  rcM)uired*  This  proceia  u  \ 
iidvantitgeouft  when  applied  to  the  preparation  of  amides  which  i 
insoluble  or   gparingly   soluble   in  water,    such  as  benzamide 
cuiniuamidc :  all  that  is  required  in  the  performance  of  the  op 
tion  U  to  triturate  the  carbonate  of  ammonia  in  a  mortar  with  1 
oxvchloride ;  after  which  the  amide  is  formed  by  gently  wa 
the  mjiss ;  carbonic  acid  escapes  with  effer^esceuee,   and  the  i 
ammoniac  and  e^tcess  of  carbonate  of  ammonia    are  removed  I 
washing  with  water.     Cuminamide,  for  instance^  is  formed  by 
fiiUowiag  reaction : — 

C^U„0,CI  +  an.NO,^^,  =  H,NC^H,,0,-h  3CO,  +  H.NCf  +  al 

The  amides  of  acetic^  propionic,  butyric,  valeric,  and  of  a  i 
oilier  acids  are  freely  soluble  in  water,  and  have  a  sweet 
Intl  die  amides,  as  a  class,  arc  cither  sparingly  aoluble  or  qn 
insoluble.  Those  which  are  soluble  in  water  are  also  genemllri 
solved  by  alcohol  and  ether.  By  long  boiling  with  water  mosl| 
them  become  dissolved,  and  converted  into  ordinary  salts  of 
monia,  by  the  assumption  of  the  elements  of  water.  This 
is  greatly  aciH-lerated  by  the  addition  of  a  minute  quantity  of  an^ 
free  txvu\.  The  presence  of  a  free  alkali  produces  a  like  tnof- 
formutiou  j  if  potash  or  soda  be  the  base  employed,  salts  of  these 
alkalien  ar«!  formed,  whilst  amniouia  is  liberated  :  this  chsTige 
occurn  very  nlowly  at  ordinary  temperatures,  but  it  takes  place 
rapidly  at  the  boiling  point. 

(1051)    Theonf  of  ike  Amides, — The  amides,  ever  since 
discover)',  have   ollcred   interesting  subjects  of  investigation 
Siicculatiou  to  the  chemist.     They  are  substances  which,  althoii 
^lllK^veil  from  ammonia,  eKbibit  no  basic  power;  yet  the  hydramiJ 
^i|^  W  muvertcd  into  compounds  which  possess  all  the  proper 
gJ^'^^^rrfVil  alkalies  (1068). 

H^^h^rilt    and   Chiozza  have    recently  published    a    vali 
.u, .  .  »:i  \i\\M\  the  ujniclcs  [Ann,  de  Chitnie,  III.  xlvi.  129),  in 

..Wvoiir  to  show  that  these  bodies  bear  the  same  relati 
*\HVti\e  nvuh,  that  the  volatile  alkalies,  methylia,  ethyl 
W-  .^UwhoU  frt^m  which  they  are  formed.      The  amid 

>u|h  uitro\i8  acid,  yield  nitrogen  and  the    acid  firom 

«i>%^«%le  wa-*^  obtained  ;   and  under  similar  treatment   the 

Ok*  irf  the  alcohols  yield  nitrogen    and   their    cor 

M^WK>).      Vpou   this  view,   therefore,   the  amides 

^uWtitutioii  from  ammonia,  upon  which  ^ 

A  ■  the  ordinary  amides  of  the  moB 
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acids^  such  as  benzamide,  being  ammonia  in  which  the  basic 
character  is  neutralized  by  the  substitution  of  an  electro-negative 
radicle  (such  as  benzoyl)  for  one  of  its  equivalents  of  hydrogen : 

H| 
thus^  ammonia  being  H  N^   benzamide   (Ci^HyO^N)    would    be 

Hj 

H        N ;  and  starting  from  this  idea^  Grerhardt  and  Chiozza 

H  J 
were  led  to  effect  upon  the  amides  a  series  of  substitutions 
similar  to  those  performed  by  Hofmann  with  ethylia  and  its  homo- 
logues.  In  this  manner  they  were  enabled  by  double  decomposi- 
tion to  obtain  amides,  in  which  one  atom^  or  two  atoms  of  hydro- 
gen were  displaced  by  certain  electro-negative  bodies;  these  electro- 
negative bodies  being  compounds,  which  when  substituted  for  either 
one  half  or  both  halves  of  the  hydrogen  in  the  double  molecule  of 
water,  furnish  in  one  case,  the  hydrated,  in  the  other,  the  anhydrous 
acids  (1099): — benzoyl  (Ci4H502),for  instance, when  thus  substituted 
for  hydrogen,  yields  either  benzoic  acid  or  benzoic  anhydride : — 

Water.  Bensoio  Aoid.  Bensoic  Anhydride. 

Now,  it  has  been  already  explained,  that  the  various  compounds 
formed  upon  a  certain  type  may  possess  properties  in  which  they 
gradually  differ  from  those  that  precede  and  from  those  that  follow 
them  in  the  series;  these  differences  depending  upon  the  nature  and 
number  of  equivalents  of  the  elements  or  compounds  which  are  intro- 
duced by  processes  of  substitution  into  the  prototype  of  the  series 
(917).  It  becomes,  therefore,  quite  possible  to  obtain  compounds 
formed  upon  the  type  or  plan  of  an  eminently  basic  substance  like 
ammonia,  which,  nevertheless,  may  possess  neutral  or  even  well- 
marked  acid  characters.  In  this  manner  Gerhardt  and  Chiozza 
have  by  substitution  formed  various  classes  of  amides  which 
they  distinguish  thus  : — 

I.    Primary    amides,     or     amides    which     like    acetamide 

(C4H5O2N)  =   *TT^   ^  y  N,  represent  a  molecule  of  ammonia,  in  which 

a  single  equivalent  of  hydrogen  is  displaced  by  an  organic  radicle* 

*  If  a  monobaflio  aoid  be  defined  to  be  an  acid  representing  a  double  mo]e« 
cule  of  water  tt  I  0„  in  which  i  equivalent  of  hydrogen  i»  displaced  by  an 

electro-negative  radicle  (acetic  aoid  being    ^u'   <  |  O,),  the  primary  amide  ii 
the  amide  derived  from  the  neutral  asunooia  salt  of  aacb  an  aoid« 
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2.  Secondary  amidet,  in  wliich  the  displacement  of  hydrogen 
in  the  molecule  of  ammonia  extends  to  two  equivalents ;  such  for 

example  as  cumjlsalicvlamide  (Cg^Hj.O^N),  or  -  C^HnO^lN. 

I      H       J 

3.  Trrtiary  Amides,  in  wliich  each  equivalent  of  the  hydrogen 
the  ammonia  is  displaced  by  an  equivalent  of  an  organic  radicle;  such 

as  dibenzo-sulphophcnylamide*  (C^HijS^OgN),  orjCiJIsOj       ^N, 

Lc^ll5,2S02j 

The    imides  may  be  regarded  as  belonging  to  the  class  of 

secondary  amides,  but   the  two   equivalents  of  hydrogen   in    the 

ammonia  are  displaced  by  au  indivisible  group  equivalent  to  H,  in 

combination.    Succinimide  (CftH404N),  for  exanxple^  may  be  repre- 

H      ) 

thia  case,  has  displaced  two  equi^alents  of  the  hydrogen  of  the 
ammonia.  But  it  would  proliably  be  more  correct  to  double  the 
formula  of  the  imideSj  and  to  refer  them  to  a  class  of  amides 
termed  diamtdes,  which  are  derived  from  a  double  equivalent  of 
ammonia  (H,^Nj,). 

If  this  were  done,  the  three  different  amides  of  succinic  acid 
(2  II Oj  CgH^O^)  would  all  belong  to  the  class  of  diamidea: — 

1.  Suceinamide,  CaUgOgNj 


sented  as 


The  dibasic  radicle  of  the  succinic  acid  in 


Trisuccinamide 
snociny 


rmimide     _  J  p  jt Vi    Ixr 
amide,    (diamide  of    _    f  r^u'n'V 


2,  Bisnccinamide,  or  enccini 
CiellioO^Njj,  or  2(C 


The  secondary*  amides  may  be  prepared  by  heatiug  the  prim 
amides  to  a  certaiu  temperature  with  an  equivalent  quantity  of 
the  electro- negative  oxyehloride :  hydrochloric  acid  escapes  in 
abundance,  and  the  secoudary  amide  is  found  in  the  residue*  Care 
must  be  taken  to  prevent  the  temperature   from  rising  too  high, 


*  The  inhnrmoniotis  and  unwieldy  names  employed  to  designate  these 
couiplicat-ed  fcuhBtittilion  prodiirtB  lire  apt  to  discoupape  the  learner;  but  in 
Iho  present  state  of  chemical  nomeaclaturc  they  are  alo^oat  necesBary,  for  the 
pur).><>8c  of  pointing  out  the  purentuiie  und  relRlioni*hip  of  the  bodies  which  they 
ri'pr<\«eTit  ;  since  the  compouTitb  themselves  have  little  or  no  intrinflie  inttTest, 
the  n*^'  '•cutod  bi^ng,  iu  most  cases^  Ike  really  importaiLt  circumstaueca. 
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otherwise  mtriles  are  apt  to  i)e  formed.  If  the  products  of  tho 
reaction  assume  a  viscous  form^  they  must  not  be  dissolved  whilst 
in  this  state ;  but  must  be  allowed  to  become  solid ;  their  solidifica- 
tion may  often  be  effected  by  the  addition  of  a  few  drops  of  ether. 
The  formation  of  cumylsalicylamide  by  treating  chloride  of  cumyl 
(cuminic  oxychloride)  with  salicylamide^  offers  an  instance  of  the 
formation  of  a  secondary  amide  in  this  manner  : — 

Salicylamide.  Chloride  of  Ciunjl.        CumylnlicjlMnide.  Hydrocfalorio  Aoid. 

Sometimes  new  amides  may  be  obtained  by  heating  together  two 
primary  amides  in  equivalent  proportions ;  ammonia  is  then  disen- 
gaged^ and  a  secondary  amide  is  formed.     For  example : — 

Beiutsmid«.  Salicylamide.  Benxoyl  SalicylAmide.  Ammonia. 

The  secondary  amides  possess  the  acid  character  more  strongly 
than  the  primary  amides ;  and  they  frequently  form  metallic  salts, 
those  which  contain  silver  being  the  salts  most  readily  procured. 
Thus  beuzosulphophenylamide^  when  dissolved  in  boiling  water 
by  the  aid  of  a  few  drops  of  ammonia^  and  mixed  with  a  boiling 
solution  of  nitrate  of  silver,  yields  a  compound  in  which  silver  takes 
the  place  of  hydrogen  in  the  original  amide,  the  new  silver  salt 
crystallizing  out  in  groups  of  colourless  needles  : — 

Benso^alpho-  Nitrate  of  Benzo«alpho^hen]d«  Vltrio  Aoid. 

phenylaznide.  Silver.  arfentamide. 


CijH,,   2  so,  )  -M-i-w     ^  Cu^»«  ^  SO,  )  j^rx    \ 

C,!h»0.      '|n    +    Jj^^jO,    =    C.«H,0.      'JN    +      ^Sf}0, 

The  tertiary  amides  are  readily  prepared  from  such  silver 
salts  of  the  secondary  amides ;  for  they  are  attacked  by  the  nega- 
tive oxychlorides  even  without  the  aid  of  heat,  double  decomposi- 
tion occurring,  whilst  chloride  of  silver  is  formed,  and  an  organic 
radicle  takes  the  place  of  the  silver  in  the  amide.  The  silver 
compound  just  described,  is  thus,  by  the  action  of  chloride  of 
benzoyl,  readily  converted  into  dibenzosulphophenylamide  : — 

Bensoralphophenyl-  Chloride  Dibensotnlpho- 

argentumde.  of  BenxoyL  phenyUunide. 

When  the  silver  salt  of  a  secondary  amide,  such  as  the  one 
referred  to  in  the  last  equation^  is  treated  with  ammonia^  it  is 


ACETAMI1>i;« 


N, 


comiBOiily  tlissolved  witliout  fixing  the  elements  of  water, 
conibiuGR  with  tlic  aiBmoiiia  and  fbnns  a  diamide,  tliat  is  to 
amide  derived  from  two  moicculcs  of  amraoiiia ;  lor  example : — 

CijH.,  2  SO,  )  c.-ir,.  5  so- 

Ag  J  Ag 

The  other  secondary  and  tertiary  amides  when  treated  with 

ammonia^  have  the  power  of  fixing  the  elements  both  of  ammonii 

and  of  water  so  as   to   form  aniidated    acids,    or  rather  salts 

ammonia  with  amidatcd  acids.     Tims,  for   instance,  benzosulphc 

phenylanjide  may  be  tranj^formed  by  ammonia  into  beozosulpha 

phenylaniate  of  ammonia  : — 

f  C.jHi,  3  SO,  1        V 
2  (  C,,H,03         j  N  )  -f  H,N  -f  4  HO  =^  (  H,NO,  C^F^N.S.O^.  ) 

The  description  of  a  few  of  the  more  interesting  compounds 
belonging  to  the  ditlcrcnt  classes  of  amides  will  suffice  to  give  an 
idea  of  the  general  properties  of  these  compounds. 

(a)    Amides  of  the  Monobasic  Acids,  ^^^M 

(105a)    Acetamide^  ^^^   nN=^C4H5N02).— This  eorapound  ia 

obtained  in  abundance  by  decomposing  acetic  ether  with  an  equal 
volume  of  aqueous  solution  of  ammonia^  under  piiessure^  and  at  a 
temperature  of  250°  or  260°.  It  foims  a  white  solid  which  fuses 
at  172°  and  boils  at  43 o"^.  It  crystallizes  after  fusion,  Acetamide 
is  soluble  in  water  and  has  a  cooling  swTCtisli  taste.  ^  heu  dift^| 
tilled  with  phosphoric  acid  it  loses  two  equivalents  of  w^ater^  ana" 
becomes  converted  into  acetouitrile.  If  the  acetic  ether  be  decom- 
posed  with  ethylia,    it    forms  a  corresponding  compound^  cf|Ay( 

acetamide  or  aceto-eihtfUde  CgHgNOa = C^H^      [  N. 

H      J 

Ethyl-diacetamide  CiaHnNOi^      r^i/   ^^VN,  is  a  limpid,  co^ 

lourless,  neutral  liquid,  which  lx>ils  at  377°*  It  is  obtaiDcd  by 
heating  cyanic  ether  with  acetic  aidiydride  to  about  392'',  in  a 
sealed  tube.  Carbonic  acid  escapes  on  opening  the  tube  when  cold: — 

CyiLQAte  of  £thjl.  Aectie  Atihjdnde.  EthjUtiaeeUiuide^  ~ 

C^HA'cii^O    +2{C'^fi^=    a  CO.    +   'C„H,.N0,.' 
7VkMoracelamide,C,U/:i3^0.;,=^*^^''^AT:i,  is  the  com 
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obtained  by  decomposing  tricliloracetic  etlier  with  ammonia  ;  but  it 
u  also  obtained  by  acting  u|K>n  sevcml  other  perchlorinated  ctliyUc 
ethers,  such  as  the  perchlorinated  formic,  carboaie,  oxalic,  atid 
guccinic  ethers:  perchloraldehyd  likewise  yields  it  when  treated  with 
ammonia.  It  is  a  crystallizable  compound  with  a  sweet  taste;  it 
melts  at  275°,  and  is  very  soluble  in  alcohol  and  in  ether, 

(1053)  Prtjjnonamide  C|,H7N02,  Buiyramide  C^H^NO^,  and 
Valeramide  CioIInNO^j,  may  all  be  obtained  by  the  action  of 
ammonia  niKin  their  respective  ethers.  They  are  fusible,  volatile 
compounds^  which  may  be  sublimed  without  decomposition  *  they 
are  soluble  in  water,  alcohol,  and  ctlicr.  When  distilled  with 
anhydrous  phosphoric  acid,  they  yield  the  mtnlcs  of  the  acid,  or 
the  hydrocyanic  ether  of  the  alcoliol  below  them  :- — 


pTupionftmidlr'. 


Propionilhle*       Cfmiide  of  BtbjL 


C.  H,  NO, 
C^  H,^  NO5, 

yulerMttidtk, 


-      2HO      = 


C,  H.N  (or  C,  Hi.  C.N) 

Butjrotiitril*.    Cjantde  of  TrilyL 

-    jHO    =    c7h7n  (or  C^  Hy,  C^) 

Valerooitrile.     0)rmnid«  i^tw^X, 


C,oHii  NO^    ^    iHO    ^    C,oH„N  (or  C,  H,.  C,N) 

(1054)    Beiizamide   (CulI^NOj)    is  a  white   solid,   fusible 


at 


239*^,  which  may  be  sublimed  without  undergoing  decomposition. 
It  is  sparingly  soluble  in  water,  but  is  more  reaflily  dissolved  by 
alcohol  and  by  ether,  from  which  it  crystal! izes  in  rig^ht  rhomboidal 
prisms.  When  boiled  with  free  acid  or  alkali,  it  is  quickly  con- 
verted into  beuzoate  of  ammonia.  Bcnzamidc  is  most  easily 
obtained  by  heating  an  alcoholic  solution  of  ammonia  with 
benzoic  ether  for  some  hours  in  a  scaled  tube.  When  boiled  with 
red  oxide  of  mercury,  water  is  separated,  and  kydrargo-benzamide 
is  obtained  j 

Ci.H^NO,  -f   HgO  =  CJIoHgNO^    -f  HO, 


Hydrargo-benzamide  may  be  viewed  as 


C,  JI A 


or  benzamide 


■    in  which   the  second  equivalent  of   hydrogen  has  been  displaced 
by   mercury.       Benzamide,    wlieu    heated    with    potassium,    loses 
oxygen;  hydrogen  is  eliminated  and  benzooitrilc  is  formed: — 
Ci.HyNOj    +    K     =    Ci,H,N     H-    H    +    KO,  HO. 

[b)  Niiriles. 

(1055)  Bmzomirile  (Ci.H.N).  Sp.ffr.  of  liquid  foo?,  of  vapour 
370, — This  substance  is  a  colourless  oil,  with  a  powerful  odour  of 
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illMMids.  It  ia  aparin«:ly  soluble  in  water^  but  is  miscihl 
diooliol  lad  ether  in  mil  proportions.  It  1)ol1s  at  376%  and 
^  rrnit^  an  mthimmahle  Tapofur,  which  bums  with  a  smoky  flame. 
It  i»  iviadily  ohtanwd  bf  the  dir  dktiUadon  of  ben^oate  of  ammo- 
1MA»  or  of  heaauBide;  and  whoi  washed  with  hydrochloric  acid, 
ind  nsdistilldL  i^  oblaiiied  pore.  BcnBamide  also  yields  benzo- 
witlicUoride  othcitK^yl: — 


V,^A»QC  +  c„haci  =  (5;Ih>  + 


+  HQ. 


I 


when  boiled  with  alkaliea,  or  with  concentrated 
ICiAi,  t»  oooierted  into  benzoic  acid  and  ammonia^  with  assimi- 
Ittlmi  of  the  elements  of  water. 

CkmomiMle  (CgoHyN,  Sp.  gr.  of  liquid  o'y6^)  may  be  obtained 
\i(f  similar  methods  &om  cumiuate  of  ammonia*  It  has  a  fra- 
grant odour,  and  boils  at  462*". 

The  nitriles  of  the  fatty  acids  are  identical  with  the   hydr 
cyanic  ethers  of  the  alcohol  in  the  series  immediately  below  that 
the  acid  from  which  they  are  obtained  (997). 

(c)  Amides  of  Dibasic  Acids — Diamides* 

[The  dibasic  acids  give  rise  to  the  formation  of  diamides ;  that  is 
iy,  to  amities  formed  from  two  equivalents  of  ammonia.  We  shi 
line  those  of  two   acids  only^  viz.,  the  amides  of  oxalic  aci 
and  those  of  succinic  acid.     Tlie  latter  afford  an  instructive  illos- 
tration  of  the   preparation   and  properties  of  primary,  secondary^ 

I  and  tertiary  diamides,  from  the  same  acid. 
(1056)    Oxamide,    H,NCA;  or  2  (HiN)C«Oi  =      H,p 
jTliis  interesting  compound  is  most  readily  obtained  by  decompos- 
big  oxalic  ether  by  an  aqneous  or  an  alcoholic  solution  of  ammonia. 
ll  may  also  be  procured,  tliougli  less  advantageously,  by  distilling 
talate  of  ammonia,  when  it  condeuses  in  the  neck  of  the  retort 
ftd  in  the  receiver  in  the  form  of  white  flocculi,      Oxamide  is  a 
fht    tasteless   powder,   which    is   insoluble    in    cold  water,  but 
We  to  a  small  extent  in  boiling  water,  from  which  it  is  de- 
ed on  cooling  in  crystalline  fiakcs.     The  solution  is  neutral 
[gives  no  precipitate  with  salts  of  lime.      It  is  insoluble  in 
al.      It  may  be  sublimed  in  an  open  tube,  though  with  diffi- 
W'hen  its  vapour  is  transmitted  through  a  red-hot 
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is  decomposed^  according  to  Liebig^  into  bicarbonate  of  ammonia^ 
hydrocyanic  acid,  oxide  of  carbon,  and  urea : — 

Oxamide.  Bicarb.  AnunoQ.  Vrttk, 


2  [(HjN),C40J  =  H,N,  2  CO,   +  H,  C^N  +   2  CO  +   H.N^CA 

When  oxamide  is  heated  to  436**,  in  a  sealed  tube  with  water,  it 
becomes  transformed  into  oxalate  of  ammonia.  The  same  change 
is  effected  by  boiling  oxamide  with  dilute  acids  or  alkalies.  If 
heated  alone  in  closed  vessels  to  590**,  it  is  converted  into  a  mix- 
ture of  cyanogen,  oxide  of  carbon,  and  carbonate  of  ammonia. 
Oxamide,  in  fact,  contains  the  elements  of  cyanogen  and  water; 
(HgNJaC^O^  =  2  (CgN)  +  4  HO ;  but  the  water  reacting  upon  a 
portion  of  oxamide,  converts  it  into  oxalate  of  ammonia,  and  this, 
by  the  action  of  heat,  is  resolved  into  carbonate  of  ammonia  and 
oxide  of  carbon : — 

Oxamide.  Oxalate  of  Ammonia. 

(E^mfifi^    +    4HO    =    2  H,NO,  C^O^;  and 

Oxal.  Ammonia.  Carb.  Ammonia. 


2H4NO,  C^Oe    =     2(H,NO,  COj)     +     2  CO. 
When  oxamide  is  boiled  with  red   oxide  of  mercury,  the  two 
bodies   enter  into  combination,  and  form  a  white  heavy  powder 
[HgO,  {H,N)AOJ. 

If  oxalic  ether  be  decomposed  by  the  alcohol  alkalies,  such  as 
ethylia,  methylia,  and  amylia,  or  by  other  bases,  such  as  aniline, 
compounds  are  obtained  corresponding  to  oxamide :  thus  ethylia, 
when    made   to  act  upon  oxalic    ether,    yields    diethyloxamide 

(CijHijNjOJ  =  2  (C^Hj)  {.  Nj ;  and  aniline,  under  similar  circum- 


C4O, -) 

=  2(C,H,)[n,; 

hJ 


stances  produces  diphenyloxamide  (oxanilide)  CgsHiaNgO^  : — 

OxaUo  Ether.  Aniline.  Oxanilide.  Alcohol. 


a  C,H.O,  C,0,  +  2  (C„H„  H,N)  =  a  (C„H.)  [  N,  +  a  (C,H,0,  HO). 
(1057)   Succinamide    (CgHgNjO^   =     Hj     ^Nj).    When  suc- 


H,    3 


cinic  ether  is  mixed  with  twice  its  volume  of  a  concentrated 
solution  of  ammonia,  alcohol  is  liberated,  and  succinamide  is 
deposited  in  the  form  of  a  granular  crystalline  compound.  It  is 
nearly  insoluble  in  cold  water,  but  is  dissolved  by  boiling  water  in 
ooDBiderable  quantity.     Alcohol  and  ether  do  not  dissolve  it. 

PART  III.  & 


Ma 
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Smccmimicit,  or  Umeemamkle  2  fCnHsNO^.  a  Aq)  =  2(C,H40J 
HfN,  -h  4  Aq.- — The  simpleBl  method  of  procuring  this  compoimd 
cimttsiB  ill  neutraiiziug  a  solution  of  succinic  acid  with  ammonii, 
Cfrapcmiuig  to  dryness^  and  subitiittiug  the  reeddue  to  distiitaticuL 
It  mMj  abo  be  obtained  by  causing  dry  ammonia  to  reaict  ii|icm 
anhydrotia  succinic  acid ;  during  this  reaction  water  is  fimnoJ, 
lad  a  (fensideral)Ie  elevation  of  temperature  occurs  :— * 


a(C,HA)    +     MH3N)    ^    C.HA  >i^,    +    4  HO. 

waen  succinamide  is  heated^  ammonia  is  erolvedj  and  saocinimuk 
_    U  fortiieA  : — 


^nriieQ  crystallized  from  its  aqueous  solution^  sucelnimide  forms 
baautifuly  efflorescent,  rlionibic  tables.  It  is  freely  soluble  in 
water,  and  the  soluticm  ha^  a  weak  acid  reaction  ;  alcohol  also 
dMolves  it,  but  it  is  insuluble  in  ether;  it  fuses  at  4io^.  Sued* 
tumide  is  metameric  with  succinamic  acid.  It  yields  a  crystal* 
Ksahfe  compound  with  silver,  termed  guccinimidaie  of 
C.H,0J 
CIltO.vN,  [=  2(CaH4AgNOt)];  this  body  is  obtained  in  needl 

1^  mixing  a  boiling  concentrated  alcoholic  sohition  of  succinimii 
f^ndvftd  slightly  alkaline  by  ammonia^  with  a  hot  alcoholic  sola 
li^  of  nitrate  of  silver  1  the  salt  is  deposited  as  the  liquid  cooli 
It  ^  iw*t  decomposed  by  potash  in  the  cold,  but  on  the  applicatic 
iif  bcAt  to  the  mixture,  ammonia  is  evolved.  Succinimidatc  i 
tt|icr  i*  fnxly  soluble  in  ammonia^  and  if  the  solution  so  obtainr 
W  kl^  10  spontaneous  evaporation,  a  fe}Tupy  alkaline  liquid  is  Itrf 
«kkk  ffid***Uy  becomes  converted  into  a  mass  of  rectan§ 
vi4i«»  \l  ^^^K^%^^^  ^  H3N],  from  which  i»otash  immediatel; 
^guaooia.  Succinimidatc  of  silver  is  decomposed  wit! 
^^1^  jiaddcidy  heated  :  it  is  isomeric  with  succmam&ti 
^^  wbich  it  is  converted  if  its  ammoniacal  solutio 
%»  «)Bie  time ;  it  then  becomes  much  more  soln 
►  i(i|losiire. 

C^Ui^Ori.  ^2  =  3  (CJI.OJNV— \^Ticn"5r 
-  ^floaic  osvchloride  (1182)  is  dissolved  in  twice  it 
^^  ttdt  i^cd  with  an  equivalent  of  the  auccinin 
iMlif^^'^  reaction  occurs,  sufGcieut  heat 
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emitted  to  volatilize  the  ether^  and  chloride  of  silver  is 
formed : — 

BuooiidmidBto  of  SilTer.       Snodaio  Ozyehloride.  Trisnooiiiamide. 

a^lCgH.O,)  AgX     +  'CgHio.Ci;    =  '3  (CgH^)!?,    +     2  AgCl. 

Boiling  ether  dissolves  it  under  pressure,  and  deposits  small 
crystals,  which  are  fusible  at  i8i°.  Water  and  alcohol  decom- 
pose this  compound,  alcohol  converting  it  into  succinimide  with- 
out the  formation  of  succinic  ether.* 

{d)  Amidated  Acids. 

A  single  instance  will  sufficiently  illustrate  the  nature  of  these 
bodies,  after  what  has  been  already  stated  of  their  general  pro- 
perties :  but  the  existence  of  this  class  of  substances  is  not  confined 
to  the  compounds  of  organic  chemistry,  since  both  sulphuric  and 
carbonic  acids  yield  amidated  acids,  viz.,  the  sulphamic  and  carbamic 


•  Wurtz  has  put  forward  a  view  of  the  amides  differing  from  the  foregoinaf 
one,  inasmuch  as  he  proposes  to  consider  the  monobasic  amides  as  formed 

from  the  type  of  the  double  molecule  of  water  tt  [  O,,  and  thus  to  connect 

them  with  the  acids :  for  example,  if  acetic  acid  in  its  hydrated  form  be  written 

C  H  O   ) 
*tt"   '  >  O,,  the  amides  of  acetic  acid  would  be  thus  indicated  : — 

Aoetamide.  EthyUcetamide. 

^«2»^»  jmT     ;  ^<5}»<^=  j (cji,)N     , 

Diacetwnide.  Ethyldiscetamide. 

It  will  be  seen  that  upon  this  theory  the  amides  are  supposed  to  be  formed  by 
the  action  of  ammonia  upon  the  hydrated  acids  ;  HjN,  losing  two  eauivalents 
of  hydrogen,  which  combine  with  the  two  exterior  equivalents  ot  oxygen, 
while  the  residue  HN  takes  the  place  of  the  oxygen  thus  removed. 

Wurtz  considers,  with  Gerhardt,  that  the  dibasic  acids  are  derived  from 
two  double  molecules  of  water  (1102),  and  their  relation  to  their  amides  and 
amidated  acids  admits  of  being  very  simply  traced  :  for  example — 

Water.  Oxalic  Acid.  Oxamide.  Ozamio  Acid. 


Hi 
H 


This  view  is  ingenious,  but  it  does  not  account  for  the  fact  that  oxamide  is 
neutral,  and  that  oxamic  acid  is  monobasic,  whilst  oxalic  acid  is  intensely  acid 
and  dibasic.  The  two  equivalents  of  hydrogen  which  are  hero  represented  as 
occupying  similar  positions  in  oxalic  acid,  in  oxamide  and  in  oxamic  acid  in 
each  case,  certainly  perform  the  functions  of  a  base  in  oxalic  acid ;  if  the 
theory  be  correct,  they  also  must  occupy  a  basic  position  in  the  other  com- 
poiuias,  and  as  such  should  be  exchangeable  with  a  metal :  but  on  making 
file  expeoriment  thij  exchange  is  found  not  to  take  place. 

b2 
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•ciib ;  Ibese  bodies  being  produced  by  the  reaction  of  diy  ammoii 
Upon  uibydioiis  sulphuric,  and  carbonic  acids ;    the  compounds 
nhich  tbe  term  of  amraonidcs  was   applied   (507)  being  supix 
bj  Laurent  and  Gerbardt  to  Ijc  amidated  salts  o*"  -~ 

(105S)  Oxamic  Acid  (C^H^XOa  =  HO,  ly    y^^ 
hboxaliUe  of  ammonia  is  expiiscd  to  a  carefully  1 
loses  its  water  of  crystallization,  and  begins  to  xl  ^*^^ 
fitidD  at  «  temperature  of  al>ont  430°,  gi^^ng  ofi  Jv^^u^ 
acid,  fbrmic  acid^  and  carbonic  oxide.      The  resid  ^ 
if  noft  hemted  too  strongly,  consists  of  oxamide  a 
fMwe  soluble  in  water.    This  soluble  compound  b 
^ar  be  neutralized  hv  baryta  water,  or  by  lime 
cijsullinc  salts  of  these  bases  on  evaporating  the 
a^pMOUs  solution  be  boiled^   it  is  reconverted   i] 
Mmmia;  HO,  H.N,  CA  +  2  HO  =  HO,  H^NO, 

A  large  number  of  dibasic  acids  form  couipou 
famic  acid,  such  as  the  tbllowiug : — 


Sulphamic  Acid  ?   , 
Carbamic  Acid  ?     . 
Lact^mic  Acid 
Tartrauiic  Acid 
Malamic  Acid  . 
Phthalamic  Acid    . 
Camphoramic  Acid 


110.  H,N,  S 
HO,  H.N,  C 

HO,  H.N,  a 

HO,  H^N,  C, 
HO,  H^N,  Cs 
HO,  H.N,  Cj. 
HO,  H^N,  C^ 


§  II.    The  Oeganic  Bases. 

(1059)  The  Alkaloids,  or  organic  alkalies,  are  not  lessnum^ 
IQII^  than  the  organic  aeiils  :  they  form  a  natural  group  of  hij 
ia^t^'it'^^  *^   *^^^   chemist,  not  only  on  account  of  their  remarkal] 
^,3gam>i»itioii,    but   also   tVom   their    powerful   effecta   as  mc 
yf  bois^onoua  agents  upon  the  animal  economy, 

l»   the   majority    of  instances  the  natural  organic  bas^ 
^^vcii   from    the  vegetable   kingdom,  and   constitute   the 
w^iciplc^  «>f  the  plant  that  contains  them.     They  always  occur  in 
^Jiiiiatiou  with  some  acid,  which  is    also   frequently  of  org 
_,mu,  and  peenliar  to  the  plant  or  family  of   plant^a  in  which  ^ 
lut      In  many  cases  the  alkaloids  which  occur  in  one  »p 
I  :d  family  are  found  also  in  several  of  the  other  meml 
iiiif  family. 
X^  vegetable  bases  when  in  solution  have  generally  a  decidedly 
,^^s      '<.'..'\on  upon  test   papers^  and  they  for  the  most  part 
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ely  nentralizc  tlie  acids,  forming  tlefinite  and  well  crystal- 
lized salts."*^  They  obey  the  usual  law  of  bases  when  their  saltj^ 
are  submitted  to  electrolytic  analysis ;  since  under  these  circum- 
stances tlie  base  is  liberated  at  tlie  platinodc  of  the  voltaic  battery. 
Most  of  these  baizes  are  dissolved  sparingly  by  water,  but  are  more 
freely  soluble  in  alcohol^  especially  when  it  is  at  a  boiling  temper- 
ature ;  the  alcoholic  solutions  as  they  cool  generally  deposit  the 
alkaloids  in  the  crystalliiie  form.  Some  of  these  bases  occur  in  two 
isomeric  conditions,  one  of  wkich  is  crystal lizable,  and  the  other 
amorphous ;  both  forms  combine  with  acids  in  the  same  proportion, 
but  tlie  crystalline  variety  alone  yields  crystalline  salts* 

The  vegetable  or  organic  bases  may  be  subdivided  into  two 
well-marked  classes; — ist.  Those  which  like  aniline  (C12H7N), 
do  not  contain  oxygen  : — and  2nd.  Those  %vhicli  like  c|mnia 
(C^olL^iN^O^,  6  aq)  do  contain  it.  Tlic  bases  of  the  first  class 
are  oily  and  volatile  ;  they  rapidly  absorb  oxygen  from  the  air ; 
this  class  lias  recently  been  augmented  by  the  formation  of  nume- 
rous artificial  alkaloids,  many  of  which  closely  resemble  aniline  in 
properties,  and  may,  like  aniline,  be  regarded  as  derivatives  of 
ammonia.  Less  is  known  of  the  derivation  and  rational  composition 
of  the  second  and  more  complicated  class  of  oxidized  bases.  All 
of  the  volatile  bases  have  a  powerful  odour,  and  may  be  distilled 
either  alone  or  with  the  vapour  of  water,  wit  lion  t  undergoing  de- 
composition. Advantage  is  taken  of  this  property  in  their  prepa- 
ration or  extraction;  it  is  sufficient  to  digest  the  plant  contain. 
ing  them  in  a  weak  alkaline  ley,  and  to  submit  the  niLxtnre  to  dis- 
tillation. A  iK>rtion  of  ammonia  always  comes  over  with  the 
condensed  products,  which  are  neutralized  by  sulphuric  acid,  then 
evaporated,  and  afterwards  digested  with  alcohol*  This  menstruum 
leaves  the  sulphate  of  ammonia,  but  dissolves  the  sulphate  of  the 
organic  base,  which  may  be  purified  by  recrystallization.  If  this 
salt  be  agitated  with  a  mixture  of  equal  parts  of  a  strong  solution 
of  hydrate  of  potash  and  ether,  the  mixture  separates  on  standing 
into  two  layers,  the  upper  one  cousisting  of  an  ethereal  solution 


I 


♦  It  is  much  to  be  regretted  that  a  uniform  Bystera  of  nomeaclature  has  not 
been  adopted  for  these  compouuds  ;  that  the  termination  ia,  for  example,  aa 
in  niorpliia  and  Rtryehnia,  liaa  not  been  appropriated  lo  the  baseB,  to  indicate 
their  analoi^y  with  ammonia:  the  lermination  ine,  mi^'ht  then  have  been 
restricted  to  the  neutral  principles*  Both  these  terrainationa  are  now  attached 
indilferently,  by  many  writers,  to  the  bai^ca,  and  it  mi^ht  be  al tended  with 
inconvenience  were  the  attempt  uniformly  made  to  alter  the  termination 
fniiiiliarized  by  usa^e.  In  this  work  I  have  generally  indicated  tbe  neutral 
bodies*  such  aa  ^aUcin,  amygdalin,  &c*,  by  the  termmatiou  in,  reserving  the 
K  ending,  iW,  for  those  ^vhich  haro  basic  propertiet. 


...7.-.    .     V;      -    -..  .   -,.7"..   .->    i^'r-iiiT  v^-irii    --•    r^---A--  '- r  a^j,<^  a 

..'    .».'T.  =:   .:  :..    •;;.■:    :'  :ir   ;rTii.::  ilkjLi  :  mi  ir'  a  ski: 

■"?    i"    ..  .i.-:-  .1.     •:   ^-^-.-i.  i.L^'.-^z  :_'r  ▼-:.*:-.f  :-f  lie    siil:  n^ay  li 

.1.        •  :.-■       >■--  -   ".:i.s:*  i7r    i.^-^i'.Tctl  '"J  chloroiomi  I  ma 

.•..-;■  :_  : ;.  .  -.  ..■.  ._*:-^'.->  '.•^  ::ikra  aivanta^  of  lor  ite 

■  -.    .-   -.    ii.--.:  ...i  -    ...   ■. -.-^.^  ~.;n  ::.^:r  <*:lu"::or^  : — The  sub- 

•.  •    .■•.^.■;:.  V     :./....  -i.-^;  :-.;j..i" .  vl  i*::  '>?  d:,;^?*:^^  in  a  diluw 

'     .-  1-:..;'     ...   ■■.■:  ■:-.-;::.•-:  1  in-::  the  liquid  is  nliervd  if 

>-.  -y    '.'.-•:.-  ^   ...::-;■.•:  .r-i-'-i    -ritL  a:m:v.-:i:i.  and   agitated  wi^h 

-.     .    .--.!-:::.•.:.   -.:"   ir-    /..■k    of   -■ri'ir'jform:    the   chloroform 

.-  -Mirnrii":..-  iii  tL*;  :'  rm  of  a  !>.ivy  oilv  layer,  which  can  be 

:.-.: .    1:    -^i!;    V;    t-.';:.'l    to    c-vMain   nearly    the    whole  of 

.d-s:.  v.:,::!!  m.-tv  a::«:r'.iiini-  I  a-  j/.iriiiol  by  the  usual  methods. 

:•  .«"..    l!  -•• » ri.:::.-'  iAif.ii  atrouU  valuable  aid  in  medico-legal 

::;>  :v>".::-.Lri.ii  i^.-v  :li':  |r.!rfiO-i;  of  rli-tectiiiir  certain  hases  which 

>.>.o.:«.\;  :o  have  Ik'.ii  a'liMihUterc.d  as  jK)isons. 

:-.-     Strffrt  of  tnff    O  iff  a  tun  Bnstrit. — The  composition  of 

•  .xc^c-jtrle  idkalie*  i.>  remarkaljlo  ;  all  of  them  contain  nitrogen, 

•I    /jk'  i:T^*;i:er  uunibcr  (rar-h   (;(]uivaleiit  of  base  includes  one 

:    uuu'  :i  v.::!\^gen.      Berzciiii^  rf;j:arded  anmionia  as  the  com- 

■.»  v:.».'!  .vciers  upon  thcni  tbcir  basic  character;  and  he  con- 

"wi  -.iL'u  "t:    X  compounds  of  aimnouia  with  a  variety  of  neu- 

'iTMiz-.'i'i's  -rix'C.  in  most  cases  ar(j  not  susceptible  of  isolation; 

.iii.ui    .\    -i-  -'^'-^jJ  principle  or  colUgnte  with  the  ammonia 
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being  of  the  same  intimate  natmre  as  that  of  alcohol  with  sul- 
phuric acid  in  the  sulphethylic  acid,  where  neither  of  the  consti- 
tuents exhibits  its  ordinary  characters.  Thus  quinia  (halving  the 
formula  now  adopted)  (CjoHuNOg,  3  aq),  was  represented  by  Bcr- 
zelius  as  (CjoHgOj,  NH4O),  2  aq,  or  as  a  comj)Ound  of  the  colligate, 
CgoHgOg,  with  oxide  of  ammonium  and  water  of  crystallization. 
This  mode  of  viewing  the  composition  of  certain  vegetable  bases 
acquires  support  from  the  discovery  that,  by  the  direct  union  of 
ammonia  with  a  limited  class  of  neutral  sul>stances,  such  as  oil  of 
mustard,  and  oil  of  bitter  almonds,  a  number  of  basic  compounds 
may  be  obtained,  which  present  a  striking  analogy  both  in  com- 
position and  properties  to  many  of  the  organic  bases  produced  by 
living  plants :  but  though  the  theory  of  Berzelius  may  be  admitted 
in  particular  cases,  it  docs  not  appear  to  be  generally  applicable  to 
the  organic  alkalies. 

A  different  view  was  suggested  several  years  ago  by  Liebig, 
who,  finding  that  these  bases  gave  no  evidence  of  the  presence  of 
ammonia  ready  formed  within  them,  suggested  that  they  might  be 
compounds  containing  II2N,  or  amidogcn ;  and  that  they  might  be 
derivatives  from  ammonia,  in  which  an  equivalent  of  hydrogen  had 
been  displaced  by  an  organic  group :  he  even  j)redictcd  that  if  it 
should  be  found  possible  to  displace  this  equivalent  of  hydrogen  by 
ethyl,  or  by  some  elcctro-ncgativc  hydn)carlK)n,  a  powerful  volatile 
base  would  probably  l)e  o])taincd.  This  sagacious  conjecture  has 
since  been  fully  verified  ])y  the  discoveries  of  Wurtz  and  Ilofmann, 
who  have  succeeded  in  obtaining  the  very  compounds  anticipated  by 
Liebig ;  and  Hofmann,  as  we  have  already  seen,  has  extended  the 
process  of  substitution  much  further.  Liebig^s  view,  with  the 
extension  and  modifications  required  by  the  progress  of  discovery 
in  this  direction,  admits  in  many  instances  of  lacing  happily  applied 
to  the  natural  vegetable  bases,  since  these  bodies  themselves  can 
be  subjected  to  operations  analogous  to  those  which  are  applied  in 
the  formation  of  the  alcohol  bases ;  and  portions  of  the  hydrogen 
which  they  contain  may  thus  l)e  displaced  by  basic  hydrocarbons : 
for  instance,  conia,  (CieHi4,H,N),  may  be  converted  into  ethyl-conia 
(CieHi4,  C4H3,  N),  by  displacing  an  equivalent  of  hydrogen  by  one 
of  ethyl.  The  number  of  exchangeable  equivalents  of  hydrogen 
in  the  different  bases  depends  upon  the  molecular  constitution  of 
the  particular  base  under  experiment. 

But  the  hydrocarbons  either  originally  existing  in  the  base 
or  subsequently  introduced  into  it,  may  al»o  experience  a  change 
in   their    com][>oncnts    by    a    species    of    secondary    substitution 
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by  clilorinc  or  bromine,  whilst  the  general  basic  properties 
CHjmpound  remain  unchanged.  Aniline  (Cijll^,  IljN)  for  exampla 
mjiy  be  represented  as  ammonia  in  which  one  equivalent 
hj'ilnigen  is  displaced  by  CisHt  (phenyl);  but  aniline  may  Ic 
a  jMirt  of  its  hydrogen,  and  receive  chlorine  in  its  place,  witho 
liaving  its  basic  character  destroyed,  becoming  chloraniliue  (C^^HiCl, 
HjX) ;  and  even  NO4  may  be  substituted  for  a  portion  of  tl 
hydrogen  in  aniline^  whUe  the  new  body  (nitraniline^  C,,H|NOj 
II |K)  still  retains  its  power  of  forming  salts  with  acids.  Nitranilinc 
affords  an  instance  of  the  artificial  formation  of  an  alkaloid  con 
taiuing  two  equivalents  of  nitrogen  j  and  examples  of  the 
rence  of  ba^es  which  contain  more  than  one  eqmvalent  of  nit 
%m  not  wanting  among  tlie  products  of  organic  nature, 
relations  of  aniline  to  chlorauiline  and  nitraniline,  may  be  rcpr 
ecnted  in  the  following  manner  i — 


Aniline 


Chloranilinc 


c  f"*1 
^1=*  CI  I 


H  r' 

hJ 


II 
II 


Nitraniline 


C   [^  1 


Ilofmann  in  the  coiu'se  of  his   researches  upon   aniline,  dii 
covered  another  method  of  combination  which  is  worthy  of  remar 
laiieir  it    explains  a   f^econd   mode    in  wbich   an   additional    equ 
xitUnit  of  nitrogen    may  be   introduced  into  the  alkaloid  withoU 
ilitirtHuing  its  basic  power : — cyanogen  unites  directly  with  anili 
((wiiUliti:    a    botly,   tlic    composition    of  which   is   represented 
\\|U^N|,  but    which  is  evidently  not  a  bydrocyanate  of  anilil 
yVl^^^^**«^'   ^y  the  formula  Ci^H^N,  HC^N),  but  a  new  bod| 
^iMUlUlifeir,  which  possesses  basic  properties^  and  enters  into  comt 
ll/il^^H.  ^\\h  ticidi*  in  the  proportion  of  one   equivalent   of  aci4 
^jl^l^  fHV^htn^-*"*  of  uTkilmc  wliieh  the  new  base  contains. 

'it  (hat  changes  such  as  these   affect   that   por 

M'  jHrnnd  which,  like  CjjiH^  in  aniline^  has  been  intr 

«ilv^  Minmonia  by  substitution ;  the  compound  retainii 

.»>*vi'   which    it  originally  derived  from  the   ammonii 

Dv  ',^1  wUU^b  it  has  been  constructed.      "\Then  this  t>i 

J  \Hfl0i^y  iMwer  of  the  compound  disappears, 

f  ammonia,  by  the  abstraction  of  tli 

H  of  water,   loses  its  Galine  cbaracte 

ju\i;itMl.  uito  an  indiflerent  insoluble  body^  oxamid 


THEIR   BE8EMBLANCB    TO   AMMONIA.  249 

and  this  by  the  further  abstraction  of  four  more  equivalents  of 
water  famishes  cyanogen  (1046) ;  so  oxalate  of  aniline^  by  losing 
four  equivalents  of  water,  becomes  oxanilide ;  and  by  abstraction  of 
four  more  equivalents  of  water  becomes  oxanilo-nitrile,  or  phenylo- 
cyanogen,  which  still  retains  an  equivalent  of  nitrogen  intimately 
combined  both  with  carbon  and  hydrogen,  but  which  has  lost 
its  relationship  or  homology  with  ammonia,  and  with  it  has  also 
lost  its  basic  character.     Thus : — 

Oxalate  of  Aniline.  Oxanilide. 


2  (CjjHj,  H,NO)  C,0,  =  2  (CjjHj,  HX)  C,0,  +  4  HO ;  and 

Oxanilide.  Fhenjlocyanof^n. 

2  (C„H„  HN)  G,0;      =  2\C„H„NC,)  +  4  HO. 

(1061)  The  remarkable  parallelism  in  properties  of  the  salts 
of  the  organic  bases  with  those  of  ammonia,  will  be  rendered  still 
more  evident  by  the  following  additional  particulars  : — 

Many  of  the  vegetable  bases  may  be  obtained  like  ammonia  in 
the  anhydrous  state :  such,  for  instance,  are  cinchonia  C.J0H34N3O2, 
and  strychnia  C42H22N2O4 ;  and  the  same  is  the  case  almost  without 
exception  with  the  aniline  class.  Tliese  anhydrous  bases  combine 
directly  with  the  hydracids  like  ammonia,  and  do  not  require  any 
addition  of  the  elements  of  water;  hydrochloratc  of  cinchonia, 
for  example,  consists  of  (C40II24N3O2,  2  HCl) :  but,  as  is  the  case 
also  with  ammonia,  whenever  these  bases  unite  with  the  oxyacids, 
an  equivalent  of  water  is  essential  to  the  production  of  the  salt ; 
sulphate  of  cinchonia,  for  instance,  which  contains  (C40H24N2O2, 
2  H0,aS03,  8Aq),  loses  8  equivalents  of  water  of  crystallization  by 
heat,  but  the  remaining  2  equivalents  cannot  be  expelled  without 
decomposing  the  salt.  The  double  salts  which  the  organic  bases 
form,  also  closely  resemble  the  corresponding  compounds  of 
ammonia: — for  example,  with  bichloride  of  platinum  they  yield 
yellow  crystalline  double  chlorides  of  sparing  soluliility :  these  com- 
pounds are  of  considerable  importance  to  the  chemist,  since  they 
furnish  him  with  very  accurate  means  of  determining  the  equiva- 
lent number  of  the  vegetable  base.  Terchloridc  of  gold  also  forms 
with  them  similar  compounds,  which  Ilofmann  has  proposed  to 
employ  for  the  same  purpose.  Most  of  the  organic  bases  also 
furnish  nearly  insoluble  white  precipitates  when  their  solutions  are 
mixed  with  one  of  corrosive  sublimate  :  and  a  solution  of  the  mixed 
sulphates  of  quinia  and  persulphate  of  iron,  yields  by  spontaneous 
evaporation  crystals  having  the  octohe<lral  form  of  alum  (Will). 
Octohedral  crystals  are  also  obtained  when  a  solution  of  sulphate 


of  coniai  which  is  an  analogue  of  ammonia^  is  mixed  with  one  of 
teraulphate  of  alumina,  and  left  to  spontaneous  evaporation.  ^^ 

Iti  arlditiou  to  these  compounds  there  are  some  others  peenliar!^^ 
to  thisi  elates  of  bodies.     Solutions  of  salts   of  the  Te:getable  bfiMS 
for  the  most  part,  when  mixed  with  biniodide  of  potassium,  yield 
|)rt*iHpitati^  insoluble    in   water,    but   soluble   in    boiling    alcoho^ 
[  from  which  they  crystallize  on  cooling.     It  has  been  projioaed 
these  compounds  in  determining  the  bases  quantitatively  fd 
purposes  of  analysis.      For  this  purpose  tlie  preeipitatc  forme 
[by  the  biniodide  is  placed  in  very  dilute  sulphuric  acid  and  treat 
'with  fragments  of  zinc;  iodide  of  zinc  and  protiodide  of  the  ha 
I  an*  dissolved  ;  and  on  the  addition  of  ammonia  in  excess,  the  vc« 
table  alkali  is  precipitated,  whilst  the  zinc  is  retained  in  soIutiuaJ 
In  siome  iraaes  it  is  found  preferable  to  throw  down  both  the  oxidfl 
of  line  and  the  alkaloid  by  means  of  carbonate  of  ammonia;  th4 

1|>rccipitnte  after  washing  with  water  is  treated  with  boiling  alcoli 
which  dissolves  out  the  alkali,  leaving  the  oxide  of  xine  ;  and 
r\li|u>rating  the  alcoliolic  sohition,  the  alkali  is  obtained  in  a  statu^ 
llfurity, 
Neftrly  all  the  organic  bases  form  insoluble  enrdy  preeipitatea^J 
Willi  plhjiruude  acid  :  indeed,  this  acid  is  one  of  the  moat  eompleta^^ 
yi^npitants  of  the  vegetable  alkalies.  These  gallotau nates,  when 
ImIvU^  luelt  to  a  resinous  mass,  and  are  soluble  to  some  extent  i 
lui^^ir  water;  they  are  aUo  dissolved  freely  by  boiling  alcohol, 
[The  uetiou  of  tartaric  acid  upon  the  vegetable  bases  is  anal 
that  which  it  exerts  on  many  of  the  inorganic  bases  :  U 
the  tartrates  of  iron,  of  copper,  and  of  some  other  metal: 
mA  |anvi|Htatetl  by  the  addition  of  the  alkalies  to  their  aqueo 
but  tartrate  of  lead  is  decomposed  witli  separation 
I  tuide.  So  it  is  with  many  of  the  organic  hase^ ; 
i  ^  Wucia,  of  tpiinia,  and  of  morphia,  arc  not  precipital 
,  irf  |K>tahh  t»r  of  soda  ;  by  converting  the*c  organ; 
SttH^  lmHtt»te«i  and  adding  an  excess  of  an  alkaline  sohitio] 
utited  Imm  stmdinja,  ciucbonia,  and  narcotinej  ti 
T-v'  tUn'Ouiposcd  in  the  usual  way  on  the  additii 
.sAuia. 

iWr  of  the  vegeta!>le  bases,  when  in  Boluti* 
-■  s4'  !cft-lianded  rotation  on  a  ray  of  pol 
I  s  in  general  do  not  possess  the  pow 
y^\  (Laurent).     The  left-handed  rotati< 
'^jf^^HULi^   right-handed   when   this    baim 
~^]^^j;i«iprally  speakings  the  effect  of  the 
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tion  of  an  acid  to  the  base  is  to  reduce  its  power  of  rotation^  though 
with  quinia  the  rotatory  power  is  exalted  by  the  addition  of  an 
acid. 

Artificial  Formation  of  Organic  Bases. 

(1062)  It  has  already  been  stated  that  many  organic  bases 
may  be  prepared  by  artificial  means^  several  of  those  derived  from 
the  alcohols  having  been  fully  described  (1027  ^^  ^^9-)  -^ 
attempts  at  obtaining  those  which  occur  naturally  in  plants  have, 
however,  hitherto  been  unsuccessful.  The  following  are  the  prin- 
cipal processes  resorted  to  for  the  purpose  of  preparing  organic 
bases  artificially : — 

I.  By  destructive  distillation  of  organic  bodies  containing 
nitrogen. 

a.  By  distillation  of  the  organic  alkalies  with  hydrate  of 
potash  (Grerhardt) ;  and  of  the  cyanic  ethers,  with  hydrate  of 
potash  (Wurtz). 

3.  By  combination  of  ammonia  with  certain  volatile  oils,  and 
subsequent  moderate  heating  of  the  product  with  solution  of 
potash  (Fownes). 

4.  By  reduction  of  nitrous  derivatives  of  the  hydrocarbons  by 
means  of  sulphuretted  hydrogen  (Zinin). 

5.  By  substitution  of  the  alcohol  radicles  for  hydrogen  in 
ammonia,  by  the  action  of  hydrobromic,  or  hydriodic  ethers,  upon 
ammonia  (Hofmann). 

6.  By  substitution  of  the  alcohol  radicles  for  hydrogen  in  phos- 
phuretted,  arseniuretted,  and  antimoniurettcd  hydrogen,  by  pro- 
cesses analogous  to  those  last  mentioned. 

I.  Destructive  Distillation  of  Substances  containing  Nitrogen, — 
This  method  constitutes  the  foundation  of  the  manufacture  of 
ammonia,  which  is  always  the  principal  basic  substance  thus  fur- 
nished ;  but  since  the  ammonia  is,  during  this  operation,  brought 
into  contact  with  hydrocarbons  and  with  other  products  of  distil- 
lation, in  their  nascent  state,  the  elements  of  the  ammonia  react 
upon  these  bodies,  and  produce  a  small  quantity  of  other  bases, 
homologous  with,  or  derivative  from,  ammonia.  In  the  preparation 
©f  coal-gas,  for  instance,  four,  at  least,  of  these  compounds  come 
over  along  with  the  coal-tar :  these  are  aniline,  or  kyanol  (C12II7N); 
picoline,  a  base  isomeric  with  aniline ;  quinoline,  or  leukol  C^jIIyN ; 
and  pyridine  (C10H5N).  Stcnhousc  has  shown  that  when  vege- 
table matters  rich  in  nitrogen,  such  as  the  seeds  of  the  legumi- 
noese  and  of  the  cereals,  are  distilled  in  a  similar  way  in  vessels 
exduded  from  the  air,  in  addition  to  ammonia^  large  quantities 
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of  volatile  oily  bases  come  over,  the  nature  of  wliich  varies  witK 
that  of  the  compound  distilled  {PhlL  IVans.,  1850) :  and  the  de- 
structive distillation  of  bones  furnishes  an  empyreiunaticoily  liquid, 
known  as  Dippei's  mf,  which  contains  a  variety  of  analogous  bases* 
a*  Action  of  Potmh  on  On/tinic  Bodies. — SoraCtimes  the  azotised 
matters,  instead  of  being  distilled  alone^  are  mixed  with  hydrate 
of  potash,  and  submitted  to  the  action  of  heat.  In  this  way  ani- 
line is  abundantly  obtained  from  indigo,  and  quinoline  from 
quinia  and  cinchonia  •  quinoline  is  also  obtained  by  similar  means, 
though  in  smaller  proportion  from  strychnia.  Mr,  Gre\*ille 
Williams  finds  that  several  other  volatile  bases,  including  pyridine 
and  several  of  its  homologues,  arc  formed  at  the  same  time. 
Although,  therefore,  the  following  cquation>5  do  not  represent  the 
whole  of  the  reaction  which  occurs  under  these  circumstances, 
they  will  serve  to  point  out  the  simple  relation  between  quinoline 
and  these  bases  : — 

QninnliQCi, 

^  -h    4  CO,    -f    F,, 

+    4CO,    -^    H,, 

+    <JCO,    +    Hu 

In  like  manner  aniline  is  obtained  from  isatin : — 

I&Mm^  Atuline. 

ci^NO;    +     4  HO     ==     Ch3     +     4CO,     +     l^r 

Tlie  carbonic  acid  produced  during  these  operations  remains  W 
combination  with  the  potash,  whilst  the  hydrogen  escapes.  It 
was  by  dijitilling  the  cyanic  and  cyauuric  ethers  with  hydrate  of 
jiotash  that  Wurtz  discovered  the  remarkable  bases,  methyliai 
etliylia,  and  amylia;  the  reaction  being  analogous  in  all  these 
cases  (1007) : — 

Cjmaie  Elhtt.  Elhjlia.  Curb,  Potash. 

Cflfi,  CV^  +  2  (KG,  nO)  =  C^hTh^  +  2' (KG*  CO j. 

3.  Another  process  consists  in  combining  ammonia  with  certam 
of  the  volatile  oils.  The  compound  obtained  in  this  manner  ia 
some  cases,  without  further  treatment,  exhibits  the  propertie-s  of 
on  alkaline  base ;  but  in  oilier  instances  a  neutral  body  is 
formed,  which,  when  treated  with  a  solution  of  potash,  is  converted 
into  an  isomeric  substance,  possessed  of  basic  powers.  An 
eatample  of  the  first  kind  occurs  when  oil  of  mustard  is  treated 


Cincbonift. 

4- 

+ 

QninnliQe. 

Slrychiiin. 

6HO    ^     ^iCj^H^N) 
4  HO    =     3(G,,TIyN) 
8no    =     2(C„H7l^) 
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with  ammonia :  it  thus  forms  a  powerful  crystalline  base^  wliicli^ 
when  mixed  with  acids^  at  once  unites  with  them^  and  forms 
crystallizable  salts : — 

Oil  of  If  oatard.                                                          Thiomiuunine. 
/ * s  / * , 

CgHjNS,    +     H,N  becoming  H,  (C.HJN,,  CjS, ; 

or  the  sulphuretted  urea  of  the  allyl  series :  whilst  an  instance 
of  the  second  kind  is  afforded  by  bitter  almond  oil,  which,  on 
uniting  with  ammonia  in  the  proportion  of  3  equivalents  of  the 
oil  with  2  equivalents  ammonia,  loses  6  equivalents  of  water,  and 
forms  the  neutral  body,  hydrobenzamide  : — 

Oil  of  Bitter  Almonds.  Hjdrob«ns«mide. 

3{C,,UA)    +     2H,N    =    C^Hj,y,    +    6  HO. 

When  these  crystals  of  hydrobenzamide  are  boiled  with  a  solution  of 
caustic  potash  for  some  hours,  they  are  gradually  converted  into 
benzoline  (amarine),  an  alkaline  lK)dy  insoluble  in  water,  which  has 
the  same  composition  as  hydrobenzamide,  and  forms  beautiful 
salts  with  acids.  In  a  similar  manner  Fownes  prepared  furfurine 
by  acting  on  the  compound  of  furfurole  and  ammonia  with 
potash: — 

Farftirole.  Fiirfanunide.  FurAinunide.  Furfurine. 


3  Cj„H,0,+2(H,N)=2(Ci,U,N03)-h6  HO ;  and  2{C,,U,^0,)=(C^U^^fi,) 

4.  A  fourth  process  for  artificially  obtaining  organic  bases  is 
the  remarkable  one  invented  by  Zinin.  Many  compounds  of 
carbon  and  hydrogen,  such  as  benzole,  toluole,  and  naphthalin, 
when  treated  with  strong  nitric  acid,  lose  an  equivalent  of 
hydrogen,  whilst  an  equivalent  of  peroxide  of  nitrogen  takes  its 
place ;  in  this  way  benzole  is  converted  into  nitrobenzole, — 

Benzole.  Nitrobenxole. 

C;",!!^    +    NO,    =    cii^HrNO?  +     HO; 

toluole  Cj^Hg  into  nitrotoluole  (CnHyNOJjand  naphthalin  (CgoHg) 
in  nitrouaphthalin  (CgoHyNOJ.  These  new  compounds  are  soluble 
in  alcohol;  and  Zinin  found  that,  after  saturating  the  alcoholic 
solution  with  dry  ammoniacal  gas,  and  then  transmitting  sulphu- 
retted hydrogen,  the  solution,  if  left  to  itself,  deposited  sulphur : 
water  was  formed  at  the  same  time,  whilst  the  whole  of  the 
oxygen  was  removed  from  the  original  compoimd,  and  a  new 
substance,  possessed  of  basic  characters,  was  formed  in  the  solu- 
tion. This  substance  in  many  instances  might  be  obtained  in 
crjvtak   on   evaporation.      Nitrobenzole  is  thus  converted  into 
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:.  :i:::\^:oluolc  into  toluidine,  and  nitronaphtlialiu  iuto  uapli- 


t-  :    :;.us 

: — 

■■.:    ■-•. 

:-'N'\ 

-h 

\ 

.:I.>^» 

-r 

Aniline. 


6  IIS   =   Cjjij,  n.x   +   4  no    +   6S; 

Ti>luii1ine. 


(ills    =    C,,n-,  H.y     +     4  HO     +     6r>i 

^     ■  Nii].ihthtiliiline. 

v.,.!l.NO,     -r     6  IIS     =     LVI..  H,,y     +     4  no     +     6S. 

s...''i    v-nso  tlio  whole  of  the   sulphur  is  prcripitatcd,  whilst  i 

.  ..".v  ••.:>  .'t'  h\  Ji\):;oii  enter  into  the  combination  instead  of  tlic  4 

..'..■..:<  v^t"  oxviTon  which  arc  removed.      The  object  of  adding 

■  -..i  ::;  tl.o  tirst  instance  is  merely  to  retain  the  sulphurctttil 

.^v".;  -.-.i  solution,  so  that  the  reaction  may  have  time  to  take 

A  l.i!\:o  nuuibcr  of  new  bases  have  already  bccu  formeil 

.     s   y-.\\\>s.  and   numerous  others  will,  no   doubt,  shortly  te 

*      .vvxl.      luvhamp  has   shown   that  by  treating  uitrobeuzole, 

*  if  nitrous  derivatives  of  the  hydrocarbons,  with  protacetate 

:.v\  are  reduced;  the  protoxide  of  iron  l>ecomes  converted 

>v>s,.:-..  \iJ.e.  and  is  most  of  it   precipitated  in  the  form   of  a 

N.     ^^■■•.'..i^vtate  of  iron,  whilst  an  organic  base  is  formed;   aiiJ 

^  -  .     a;  is  even  preforable  to  Zinin's : — 

•     ■  Vn'taoei.  of  Iron.  Auiline.  Baric  Pe meet,  nflri a. 


exauip 


V  •     \2  yWO,  Ai)  -h  2  HO  =  Cj.n-N     +     6  Fe.Oj,  12  Ac. 

»k-  Vasos  thus  procured   arc  destitute  of  oxygen :  they 

..   i.'  v.ov.ia  in  their  mode  of  combination  with  oxyacids,  an 

-^.  -.  M  •iter  being  essential  to  the  formation  of  these  salts; 

..4.     ^    v.*v.\liuo,  for  exam]>le,  consists  of  HO,  Ci4ngN,  SOj. 

;^  ^iv:  NVohlor  have  also  formed  two  bases,  termed  thialdine 

.^     *.xl  *riV«</WfW(»  lC'i2Hi3NSe4),  in  which  sulphur  and 

4*   .\tb«:tueut   elements.      They  arc  prociuxjd  by  the 

tt"*^  *^  *ulphurctted  hydrogen  and  seleniuretted  hydro- 

^^.vt>.    ^x>*^  *^w  aqueous   solution  of  3  equivalents  of 

i^uai  iu  the  case  of  thialdinc : — 

ThiAldine. 

.   tlR^    =    <5iiHi7NS3,    +    2(H,NS)     +     6  no. 

^vcdor  will  be  obser\ed  in  the  description 

lae^  a»,  from  their  important  applications, 

.qiM|e,  or  from  the  mode  of  their  forma- 

Iv  "  ,1    lit  '^^^^^ 
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A.  Artificial  Bases. 

1.  Bases  which  do  not  contain  oxygen; 
a.  Aniline  series  (C,H^„7)H2N; 

4.  Pyridine  series  (C.H,.5)'"N; 
c.  Quiuoline  series  (C,H,_ii)"'N. 

2.  Bases  obtained  by  the  action  of  ammonia  upon  certain 
essential  oils. 

3.  Bases  obtained  by  the  substitution  of  electro-negative  radicles 
for  hydrogen  in  ammonia. 

B.  Natural  Bases. 

1.  Volatile  oily  bases  destitute  of  oxygen  : — 

Conia  ; — Nicotia ; — Sparteia ; — 

2.  Oxidized  bases ; 

a.  Bases  of  the  cinchonas ; 

b.  Opium  bases; 

c.  Alkalies  from  pepper; 

rf.  Alkaloids  from  the  strjxhnos  tribe; 
€.  Other  less  known  bases ; 
/.  Caffeine  and  Theobromine. 

A.  Artificial  Bases. 

I.    Volatile  bases  which  do  not  contain  oxygen, 
a.  Aniline  series  (C^H,_7)H2N. 

(1064)  Aniline,  Kyanol,  Phenylamide,  Phenylia,  Crystalline, 
or  Benzidam  (C12H7N  =  CigHg,  II2,  N).  Sp.  gr.  of  liquid  1*020, 
of  vapour  3*210. — This  remarkable  base  may  be  prepared  from 
several  sources,  and  by  a  variety  of  reactions. 

I.  It  is  contained  in  small  quantity  among  the  products  of  the 
destructive  distillation  of  coal  in  the  process  of  gas-making. 

a.  Nitrobenzole  is  converted  by  hydrosulphate  of  ammonia 
into  aniline  and  water,  whilst  sulphur  is  deposited, 

C12H5NO4  -h  6  HS  =  C12II5,  H^N  -f  4  HO  +  6  S. 

A  similar  reduction  takes  place  under  the  influence  of  protacetate 
of  iron^  or  of  a  mixture  of  zinc  and  hydrochloric  acid. 

3.  It  is  also  furnished  by  the  distillation,  with  lime,  of  nitro- 
toluole,  or  of  its  metameridcs,  salicylamide  and  anthranilic  acid, 
all  of  which  substances  furnish  aniline  and  carbonic  acid;  thus: — 

Nitrotoluole.  Aniline. 

CnHyNOi  =  3  CO,  +  CuHj,  HjN. 


ANttlXK« 

.!,..#   ♦>.rT?  salicylamide  b  always  accompaQied  by  carbolic 

4«  Otic  ui'  the  Tij  rhn  U  by  which  anibne  is  most  abnndanth 
and  easily  procured  cua^l^u  in  mixing  fiuely-powdered  indigo  nitli 
a  cotoceutraicd  solution  of  hydrate  of  potash^  and  submitting  it  to 
distillation :  the  ma&s  swells  up  greatly,  and  water,  holding 
anxRionia  in  sohitiou,  passes  over,  ac*eoni]mnied  by  aniline  in  the 
form  of  a  brownish  oil.  This  oil^  when  re-distilled^  fumishet 
purr  aniline^  amounting  to  nearly  oue-fifth  of  the  weight  of  the 
indi^^o. 

This  base  is  a  colourless,  limpid  liquid,  of  an  agreeaUc 
vinous  odour  and  burning  taste*  It  is  very  acrid  and  poisonous. 
Auilinc  remains  fluid  at — 4°  F,  AVlieu  dropped  upon  paper  it  pro- 
duces  a  greasy  stain,  i\hich,  owing  to  the  volatility  of  the  base, 
t?pcc(bly  di8ap[iears;  it  boils  at  360^  F.  Aniline  is  a  non-con- 
ductor of  clcctrieity ;  it  refracts  light  powerfully.  When  exposed 
to  the  ttir  it  rapidly  absorbs  oxygen,  and  becomes  converted  into 
a  brown,  resinous  mass ;  it  is,  tliercfore,  necessary  to  dii^til  it  ia  a 
current  of  hydrogen,  or  of  carbonic  acid.  It  is  heavier  t 
water,  in  which  it  is  soluble  to  a  considerable  extent ;  but  on 
rating  the  liquid  with  sulphate  of  magnesia,  the  aniline  is  sepiT 
rated.  Auiline  has  little  or  no  action  on  test  papers;  it  diasol' 
in  unlimited  quantity  in  alcohol,  ether,  and  wood  spirit. 

Most  of  the  salts  of  aniline  crystallize  readily,  Thev 
colourless,  but  if  exposed  to  the  air  while  moist,  they  become 
colouiHd.  If  a  slip  of  deal  be  plunged  into  a  solution  of  any  q( 
thef*e  suits,  it  gradually  acquires  an  intense  yellow  colour.  If  an 
«iquix>us  solution  of  a  salt  of  aniline  be  mixed  with  a  solution  of 
cliloride  of  lime,  a  deep  blue  colour  is  produced,  which  gradually 
u^k^MMft  into  a  dirty  red.  With  chromic  acid  these  salts  strike  a 
gvtvu,  tt  l*bie,  or  a  black  colour,  according  to  the  degree  of  con- 
^^ttUttkui  ijf  tbe  solutions.  Aniline  proiluees  a  white  precipitate 
^  «  ti^Jutivui  of  ci>rro8ivc  sublimate,  and  a  green  crystalline  pre- 
^u^UOi^  lu  one  of  chloride  of  copper.  Both  precipitates  contain 
MAkhiw  UA  ixunbiuntioii  with  the  metallic  chlorides. 

1  a  ion   of  hydrochlorate  of  aniline  is  mixed   with 
.liver,  nitrogen  escapes  in  abundance,  %vhilst  car- 
ted in  oily  drops;  owing  to  the  reaction  of 
u  ^^u\e^— 

GftrboUe  Ad<!. 

KX)^  «  aoTCuH^  +  a  N  +  HO, 
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Anilme  acts  powerfally  mxiii  the  hydriodic  ethers  of  the 
different  alcohols^  iu  the  maimer  already  explained  (1027)^  and 
yields  derived  bases,  snch  as  ethylaiiiline  [(C^H^,  Ci^Hg,  H)N.] 
When  mixed  with  the  oxychlorides,  or  with  the  anhydrides,  of  the 
organic  acids^  aniline  yields  componnds  which  correspond  with 
the  amides.  With  acetic  oxychloride,  for  instance,  it  produces 
acetanilide,  and  hydrochlorate  of  aniline : — 

Aoetio  OxjTchiaridp.               Amline.                    Aeetauilide.               Hydrochk)'rmt«orAiuIiike. 
^'^-*-^^  ..^"^ *^ — — ^^  r ^ *!  -.-^- "• — ^ 

r  H  o  ^  *"  *  i^iOs  I 

a     j  +  ^^<^i^^7^)  =  Ci,H,       N  +  C,4I,N,  HCl 

Iniline  forms  anilidated  acids^  anilides,  dianilideSj  and  aniles.  The 
aniles  correspond  to  the  imidcs  of  the  ammonia  gronp ;  they  con- 
tain the  elements  of  i  equivalent  of  a  dibasic  acid  and  i  et|iiivalcnt 
of  aniline,  minus  4  equivalents  of  water*  The  anilidatcd  acids, 
which  correspond  to  the  amidated  acidsj  are  formed  from  1  equi- 
valent of  a  dibasic  acid  and  one  of  aniline,  with  the  separation  of 
2  equivalents  of  water.  The  compounds  enumerated  in  the  follow- 
ing  list  afford  examples  of  each  of  these  classes  of  substauces : — 

Anilides. 

Formanilide C^JI.,  HN,  C.  H  0^ 

Beiixanilidc ^'u^hx  HN,  CiJIgOj 

Cinnamanilide Ci^H^j  HN,  CujHyO^ 

Dianilides. 
Oxaiiilide    ......     ^iC^U^),  H^N^  C.O^ 

Succinanilide ^(Ci^HJ,  H^N^,  C^HiO^ 

Subcranilide '^(CisHg),  H-jN^^,  C^^UrP^ 

AniUdated  Acids, 
Snlphanihc  acid       ....     HO,  C^lh,  HN,  S.,  O^ 

Oxaiiihc  acid HO,  C1JI5,  HN,  C4  O5 

Succinanilic  acid    ....      HO,  CjgHs,  HN,  Cq  H4  O5 
Caraphoranilic  acid       .      .     .      HO,  C12H5,  HN^  CjjtjHi^Og 

Aniles, 

Succitianile CigH^N,  C^  H.|  O^ 

Camphoranile C42H5N,  C20H14O4 

Aniline  combines  directly  with  cyanogen,  and  forms  a  feeble 
base,  termed  cyanlHae  (Ci^lIyN^),  which  contains  the  elements  of 
1  equivalent  of  aniline  and  1  of  cyanogen.     It  is  very  unstable. 
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Aniluie  i»  rcmiilLable  as  yielding  coinpaiuid»  potocairi  of 
propcrtiei^  wheu  portions  of  the  hydrogen  are  dbpUoed  bf 
eUoriiie  or  by  bromine,  ThasQ  compounds  are  best  oblaim^d  bf 
iteomftmmg  dikirisatm^  dichlorisatin^  and  triehlonsAtuij  bjr  meis 
of  kydfvte  of  po^mh  (p.  41), 

CklenadSm  (C^2H4C1,  H^X)  is  a  weaker  hme  thim  aniliii^ 
and  taobtmned  in  white,  fnsible^  volatilizable^  ciysudlme  needld; 
ita  salts  have  a  strong  disjxJsition  to  crystallize;  and^  like  thc« 
of  aniline^  they  impart  a  yclbw  colour  to  a  slip  of  deal.  Dichhra* 
niline  (C12H5CUN)  is  stdl  leaa  basic  in  its  characters  than  the 
foregoing  substance ;  and  trichhraniline  (Cj^H^CI^X)  is  a  xm 
volatile  crystalline  coinpoundj  which  is  entirely  devoid  of  hm^ 
proj)ertie8.  The  corresponding  compounds  with  bromine^  in  gene- 
ral properties  closely  resemble  the  chlorinated  forms  of  aniline 

The  ac!tion  of  clilorine  in  these  cases  is  very  interesting: 
although  the  introduction  of  a  single  equivalent  of  tbis  liody  iota 
the  cooipositiou  of  aniline  does  not  destroy  the  basic  cbaraeter^ 
yet  the  electro-negative  power  of  chlorine  is  exhibited  in  the 
diminution  of  the  ba:?ic  energy  possessed  by  the  new  ^roup^  as  00m* 
pared  with  that  of  aniline ;  each  successive  addition  of  clilonnt 
weakening  the  basic  property,  until  it  disappears  altogether  in 
trichloraniline. 

Dr.  Ilofmann,  by  whom  these  bases  were  diacovered,  has  alv 
succeeded,  in  conjuuetion  with  Dr.  Muspratt,  in  preparing  a  com- 
pound which  is  termed  nUraniline,  C12H4NO4,  H^N  ;  tbis  liody  also 
forms  salts  with  acids ;  it  contains  an  equi\'alent  of  peroxide  of 
nitrogeu  in  the  place  of  an  equivalent  of  hydrogen.  Its  liaaic 
properties  are,  however,  very  feeble. 

ilofmanii  represents  aniline  as  plien^lamine,  or  a  derivative  at 
ammonia,  in  which  i  equivalent  of  hydrogen  is  displaced  by  a 
hj'drocarlx>n  C^jIIq,  termed  phenyl.  Neither  phenyl  nor  its  iodide 
have  as  yet  been  isolated  ;  but  aniline  may  he  procured  by  heating 
hTdratcil  carbolic  (pheuic)  acid  in  a  sealed  tube  with  atnmouia:— 

Vhttuii  Acid.  AnaiD^. 

UoTSXo  -f  H,N  =  2  HO  -h  C,aH^  H^N 

lio6s)  Several  other  oily  bases  have  been  discovered,  homolo- 

Mia  widi  aniline ;  forming  part  of  a  series,  each  member  of  whicb 

f0^^  fion  the  «ucceeding  one  in  containing  one  equivalent  mort 

<|  tbi  aiWiydrog^  (CjHj).     The  bases  of  this  class  may  be 

4^^  toa  tt  series  of  hydrocarbons,  of  the  form   (C.H,.  J. 

k  nhcu  treated  with  nitric  acid  yield  substitutkui^ 


FTBIDINE   BASES. 


259 


compounds^  in  which  one  equivalent  of  hydrogen  is  displaced  by 
one  of  peroude  of  nitrogen  (NO4) ;  and  from  this  nitro-compound, 
the  corresponding  base  may  be  obtained  by  Zinin's  process  with 
hydrosulphate  of  ammonia  (1062) : — 


Hydrocarbon  (C^H^.  J 


Nitro-substi  tute  (C.H^-yNO  J 


Benzole  . 
Toluole  . 
Xylole  , 
Cumole  . 
Cymole  . 


Nitrobonzole 
Nitrotoluolo 
Nitroxylole  . 
Nitrocumole 
Tnitrocymolo 


Cull;  NO, 

C,,U,  NO, 
C.„HnNO, 
C«,H,3N0, 


BMe(C,H,.,N) 


Aniline 
Toluidine 
Xylidine   . 
Cumidine  . 
Cymidine  . 


Ci^H;  N 
Cu^s  N 

cdlllN 


These  bases  of  the  aniline  series  belong  to  Hofmann's  class  of 
amidogen  bases,  one  equivalent  of  hydrogen  having  been  displaced 
by  the  hydrocarbons,  CnU^  Cj^Hy,  Ci^llg,  &c. ;  they  still  retain 
two  equivalents  of  hydrogen  in  a  form  susceptible  of  displacement 
by  an  equal  number  of  equivalents  of  the  alcohol  radicles. 

(A)  Pyridine  Bases  (C^H^.^)  N. 

(1066)  A  series  of  bases,  however,  exists,  each  member  of 
which  is  metamcric  with  one  of  those  belonging  to  the  aniline 
group :  but  in  the  alkaloids  of  this  class,  none  of  the  hydrogen 
admits  of  displacement  by  the  alcohol  radicles ;  consequently  they 
must  be  regarded  as  belouging  to  Hofmann's  subdivision  of  nitrile 
bases.  They  boil  at  a  lower  temperature  than  the  corresponding 
bases  of  the  aniline  series.  These  comiK)unds  have  been  principally 
investigated  by  Anderson,  and  by  Greville  Williams.  They  are 
furnished  by  the  destructive  distillation  of  a  bituminous  shale  from 
Dorsetshire ;  and  many  of  them  arc  also  contained  in  the  products 
of  the  distillation  of  bones,  and  of  pit- coal.  The  following  table 
exhibits  the  metamcric  pairs  of  the  aniline  and  pyridine  groups  : — 


Fonrnib. 

Aniline  §mt?i. 

Pyridint!  icrie^. 

BchUd£ 
Pumt. 

1 

BoiUnc 
Point: 

p"h"n 

Unknowrn  .     , 
Aniline      ,     . 
Toluidine  .     . 
XyUdine   .     , 
Cumidine  .     . 
Cymidine  »    * 

Ml 

PyTidme   .     , 
Picoline     .     . 
Lutidine    .     . 
ColLidine    .     . 
Parroline  .     » 
Unknown  ♦     . 

340 
371 
310 

55^ 

The  bases  of  the  pyridine  series  correspond  to  ammonia  in 
which  the  three  equivalents  of  hydrogen  have  been  displaced  by 
1  equivalent  of  a  hydrocarbon,  such  as  (C10H5)  or  (C^Hy) ;  each 
of  these  hydrocarbons  constitutes  a  triatomic  group,  corresponding 

s2 
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to  diree  cqniTaknts  of  hydrogeo :  none  of  the  hydrogen  in 
hvttrocarboiift  idmita  of  displacement  by  the  alcoliol  radicles,  bat 
Andereoa  has  suooeeded  in  obtaining  from  the  pyridine  series  some 
fcmarkable  bases  into  the  eompoisition  of  which  platinum  euten. 
These  bases  have  the  closest  euunexion  with  those  obtained  by  tbf 
action  of  ammonia  on  the  chlorides  of  platinum  (828).  The  t¥o 
phUinum  bases  fipom  pyridine  are : — 

Platinopyridine    =    CjJT,Pt  X,  or  C^oHj  a  (|Pt),  N. 
Pl&tosopyridine    =    CioHjPt,N. 

In  the  first  of  these  compounds  two  equiiralents  of  hydrogen  in 
the  hydrocarbon  Ci<>H^  hare  been  displaced  by  (me  equivalenl  of 
platinum,  which  here  j)erforras  the  function  assigned  by  Gerhanit 
to  plait niciim  (pt,,  eq,  49,  see  note  to  828)  ;  whilst  in  tk 
second  com|K)imd  the  two  equivalents  of  hydrogen  are  displaoed 
by  two  equivalents  of  platinum,  the  metal  here  discharging  the. 
fimction  assigned  to  it  by  Gerhardt  as  platinasum  (Pt.,  eq.  98)*] 
Picoline  yields  similar  compounds  with  platinum. 

When  the  alkaloids  of  the  pyridine  group  are  treated  witli 
iodide  of  ethyl,  compoimds  are  formed  belonging  to  the  class  of  am* 
inoniura  bases.  Anderson  has  thus  obtained  iodide  of  ethyiapyri* 
dium  (C,nH^,  CiH^N,  T),  and  iodide  of  ethylopicoHum  (C,,Hj, 
C1H5N,  I),  The  hydrated  oxides,  procured  by  acting  upon  tlicssj 
compounds  with  oxide  of  silver,  are  not  volatile^  and  are  strongly 
basic. 

Picoline   {CigllyN)  is  the  best  known  base  of  the  series  to; 
which  it  belongs.      It  is  usually  extracted  from  coal  tar  or 
DippePs  oil  (a  pro^hict  of  the  destructive  distillation  of  bones'l,  bf 
treating  it  with  Ijydrochloric  acid,  and  distilling  the  hydrochlorii 
solution  with  lime.     The  volatile  bases  which  pass  over  are  sul 
mitted  to  fractionated  distillation,  collecting  separately  those  parts' 
which  come  over  at  about  270"*.      Picoline  is   also  obtained  whcft 
piperiue  (1082)  is  distilled  with  hydrate  of  potash.    Picoline  is  s 
colourless,  very  mobile,  oily  liquid,  of  a  pc^netrating  odour*      It  » 
lighter  than  water  (sp.  gr.  0-955),  ^^^   ^^^^  ^^  271*.      It  is  gra- 
dually volatilized  by  exposure    to  the  air,  and   it   does  not,  hlte 
aniline,  become  browu  under  these  circumstances.      By  tT        ' 
as  well  as  by  iU  lower  boiling  point,  and  smaller  density",  pi. 
at  once  distinguished  from  aniline.      Picoline  is  soluble  in 
in  all  ijroportions.      It  is  not  coloured  violet  by  chloride  of  lim 
and  is  not  aflected  by  tbe  addition  of  chromic  acid  to  its  solution 
The   salts    of  picoline    crystallize   with  ditficulty,    and  many 
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them  are    deliquescent      The  hydrochlorate    forms  deliquescent 
prisms. 

(c)  Quinolifie  series  of  Bases,  (C^H.^n)  N. 

(1067)  In  addition  to  the  members  of  the  aniline  and  pyridine 
series,  coal  tar  contains  a  third  series  of  bases  of  which  quinoline 
is  the  most  important  member.  Three  bases  of  this  class  are 
at  present  known,  viz. : — 


Quinoline.     .    .  C„H- N 
Lepidine  .     .     .  C^H,  N 
Cryptidine     .     .  CjjUuN 

Boiling 
Point. 

Spcdflo  QrftYitj. 

'  Liquid. 

Vapour. 

463° 
510° 

5^5°? 

ro8i 
I  07  2 

4-519 

5H 

They  combine  with  the  hydriodic  ethers,  and  form  compounds 
corresponding  to  ammonium ;  quinoline,  for  instance,  yields  with 
iodide  of  ethyl  an  iodide  of  ethyloquinolium  (Ciglly,  C4H5,N,  I). 
These  compounds,  therefore,  like  those  of  the  pyridine  group, 
belong  to  the  class  of  nitrile  bases. 

Quinoline  or  Leukol  (CigHjN),  Sp,  gr,  of  liquid  i-o8i,  of  vapour 
4*519. — This  alkali  is  readily  obtained  by  decomposing  cinchonia 
ifith  hydrate  of  potash :  the  resinous  mass  which  is  separated 
under  the  name  of  quinoidine,  during  the  preparation  of  the  salts 
of  quinia,  also  yields  it  by  similar  treatment.  Fragments  of  the 
hydrate  of  potash  are  placed  in  a  tubulated  retort,  moistened  with 
a  few  drops  of  water,  and  powdered  cinchonia  is  added  in  small 
quantities  at  a  time ;  on  applying  heat,  the  new  base  passes  over, 
accompanied  by  free  hydrogen ;  if  the  product  be  redistiUed,  an 
aqueous  solution  of  ammonia  with  portions  of  the  base  pass  over 
first,  and  the  latter  portions  consist  of  nearly  pure  quinoline,  which 
may  be  rendered  anhydrous  by  a  second  rectification,  after  it  has 
stood  for  some  days  upon  chloride  of  calcium. 

Quinoline  is  a  colourless  oil  of  high  refracting  power ;  it  has  a 
disagreeable  penetrating  odour,  and  a  bitter  acrid  taste.  It  remains 
liquid  at  —  4°.  At  46  i**  it  boils,  emitting  a  vapour  which  bums 
with  a  smoky  flame.  When  exposed  to  the  air  it  slowly  becomes 
converted  into  a  resinous  mass.  If  dropped  upon  paper  it  leaves  a 
greasy  stain,  which  quickly  disappears.  It  is  dissolved  sparingly 
by  water,  but  it  is  soluble  in  all  proportions  in  alcohol,  ether, 
wood  spirit,  and  bisulphide  of  carbon,  as  well  as  in  the  fixed  and 
essential  oils.  The  nitrate,  the  oxalate,  and  the  bichromate  of 
quinoline,  crystallize  with  facility ;  many  double  salts  of  quinoline, 
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such  as  those  which  it  forms  with  platinum,  gold,  palladium,  im3 
eadmjuni^  may  be  obtaincil  in  beautiful  cr^staLs,  The  plalimna 
salt  is  nearly  insoluble  in  water. 

A  fourth  series  of  bases,  provisionally  termed  pyrroJ  bma  If 
Anderson,  is  contained  in  Dippers  oil :  they  have  been  but  incoiii- 
plctcly  exaraincd,  but  are  characterized  by  yielding  a  red  resioooft 
matter  when  decomposed.     Anderson   regards    them    as  bafics  of  1 
the  pyridine  series,  coupled  with   the  body  which  oocaaioos  tiiii  [ 
red  colour. 

a,  Basei  produced  by  the  action  of  Ammonm  on  Essential  OUs. 

(1068)  During  the  process  of  obtaining  formic  add  by  di^ 
tilling  bran  or  oatmeal  with  peroxide  of  manganese  and  diltile 
sulphuric  acid,  a  small  quantity  of  an  essential  oil  distils  orer,  whick 
may  be  purified  by  redistillation*  To  this  body  the  name  of/tr* 
furole  (CiqII^OJ  has  been  given.  When  pure  it  is  colourless^  but  it 
qnickly  becomes  brown  by  exposure  to  the  air*  It  has  a  iragmnt 
odour,  somewhat  resembling  that  of  hitter  almonds*  It  has  a  fp. 
gr.  in  the  liquid  form  of  i'i68,  and  in  vapour  of  3*34.  FurftmJe 
boils  at  323^ ;  it  is  dissolved  by  cold  sulphuric  acid,  forming  s 
beautiful  purple  liquid,  from  which  on  dilution  with  water  the 
oil  is  separated  unchanged.  If  mixed  with  solution  of  ammoiiis 
in  the  cold,  furfurole  is  gradually  converted  into  a  solid  yd- 
lowish-wliite  insohible  mass,  3  equivalents  of  fiirfurole  reactioj^ 
upon  2  equivalents  of  ammonia,  while  6  of  water  are  separated; 
3  (Ci^H.O  J  -f  2  H,N  =  3  (C,,H/\)  -h  6  HO.  This  new  compound 
belong!*  to  the  class  of  hydramidcs  (1050),  it  has  been  termid 
fiirfuramlde.  Acids  immediately  decom|K)se  it,  a  salt  of  ammonia 
is  formed,  and  the  oil  is  set  at  liberty.  When  boiled  with 
potash,  however,  no  ammonia  is  evolved ;  the  substance  is  com- 
pletely dissolved,  and  the  solution  on  cooling  deposits  long  silky 
needles  of  a  powerfully  alkaline  base  which  is  isomeric  with 
furfuramide, 

Ftir/tiria  or  furf urine  (C3,,Hi3N^OJ»  as  this  base  has  been 
nametl,  is  inodorous  and  sparingly  soluble  in  water;  alcohol  and 
ether  dissolve  it  freely.  It  melts  below  212"  to  an  oily-looldng 
liquid.  It  is  dissolvci!  by  dilute  acids,  and  completely  neutraliiecs 
them;  on  adding  ammonia  to  these  solutions,  the  alkaloid  1 
precipitated  unchanged.  Its  salts  have  a  bitter  taste;  the?  ha^c 
been  used  medicinally,  with  success,  as  substitutes  fur  tho^' 
of  quinia  (Gregory). 
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BenzoUne  or  amarine  (CiaHj^N^)* — When  a  solution  of  ammonia 
allowed  to  remain  for  some  days  in  contact  with  pure  hydride  of 
>yl  (essential  oil  of  bitter  almonds),  a  reaction  occurs  analogoos 
I  the  foregoing  one  with  fiirfurole  ;  the  mixture  gradually  becomes 
fconverted  into  a  crystalline  mass  of  hydrobcozamide ;   tins  tmh* 
stance  is  soluble  in  alcoholj  but  insolable  in  water.     If  boiled 
with  a  solution  of  potash   it  assumes  the  appearance  of  a  resin, 
laud  becomes  changed    into   l/enz:olfne,    which   is   a  base   isoiiieric 
I  with  liydrobenzamide.    The  same  change  occurs  if  hydrobenzamide 
'be  simply  heated  for  some  time  to  a  temperature  between  250° 
and    2^5''.      If  the   mass   which   is   obtained   by   either  of    these 
r  methods  \ie  treated  with  boiling  alcohol,  it  is  dissolved^  and  the 
solution  on  cooling  dejwsits  the  base  in  brilliant  transparent  four- 
sided  prisms,  which  are  fusible  below  212°.      Benzoline  is  nearly 
insoluble  in  water,  but  it  is  readily  dissolved  by  both  alcohol  and 
^  ether.      Its  salts,  with  the  exception  of  the  acetate,  are  sparingly 

■  soluble,  and  have  an  intensely  bitter  taste*      When   bcnzvoline  is 

■  submitted  to  destructive  distillation,  a  new  base,  pyrobenzoline^ 

■  or  taphlne  (C^Hj^Na),  is  formed,  amongst  other  products. 

^K  3.  Bases  containing  Ekclro-negative  Radicles  of  the 

■  (1069)  It  will  be  unncct*ssary  to  allude  further  to  the  fifth  and 
sixth  methods  (p.  255)  of  the  formation  of  bases  by  the  substitutiou 
of  the  alcohol  radicles  for  the  hytlrogen  iu  ammonia  and  phos- 
phuretted  hydrogen,  since  this  part  of  the  subject  has  been  already 
fully  examined  (1027,  et  seq.) ;  but  it  is  an  interesting  circum- 
stance, that  bases  may  also  be  obtained  which  contain  the  electro- 
negative hydrocarbons  (CJI,,_J  in  the  place  of  hydrogen.  For 
example,  Natanson  (Liebig's  Annnlen,  xcii.  48,  and   xc\Tii.  291), 

•  has  succeeded  in  preparing  a  substance  which  he  terms  ncetylamine^ 
,  (aeetylia)  ;  this  body  is  a  derivative  from  ammonia,  but  it  contains 
an  ecpiivalent  of  Liebig's  electro-ncgative  radicle  acetyl  (C|Hy), 
in  the  place  of  one  equivalent  of  hydrogen ;  aeetylia  being 
(C4H3,  li.N  =  C4H5N)  •  the  same  chemist  lias  likewise  isolated  a 
compound  corresponding  in  com}>osition  to  by d rated  oxide  of 
ammonium;  this  new  base  may  be  termed  hydrated  omde  of 
acetyhum,  C^lLp  H^N,  OJIO. 

Acehjtiunu—WhQw  Dutch  liquid  (C\1L,CI,  HCl)  is  heated  for 
some  hours  to  a  temperature  of  300'  in  a  sealed  tube,  with  about  5 
times  its  bulk  of  a  concentrated  solution  of  ammonia,  it  is  com- 
pletely decomposed ;  a  yellow  liquid  is  formed,  and  crystals  of  chlo* 
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tiisof  aounimnai  uv  dqiorited  in  alrandanoe :  if  these  be  ^|i 
hf  tlmiiim  throiilgb  muslin,  and  the  mother  liquor  be  tr 

:  of  83rer»  it  yicUs  a  decidedly  alkaline  solution,  ^hieh  ah 
id  from  the  air.  The  new  base  thus  obtained  b 
ita  ahs  hare  a  feebly  acid  reaction^  and  do  not  cnr^taUiis. 
If  ila  cUoffide  he  mixed  witli  a  solution  of  bichloride  of  platinuA 
it  jidili  a  waa-Hke  naas,  wludi  faa$  the  composition  of  the  don 
cUoiideof  pladnnm  and  aoetylium  (C4H3,  H3NCI,  Ft  CU).  CUq 
fide  of  acetjlium,  if  s%htlj  acidulated  with  sulphuric  add 
■lised  with  mtrite  of  sUtct^  fumi&hea  aldehjd  in  abundance  : — 

b^H^H^i  -I-  AgQ.  NO,  =  Cfifi, HO  -h  aN  -h  2  HO  +  Aga  j 

This  fmeiiQii  oatrapcNida  to  that  of  nitrous  acid   on  cthylia^ 
dcoliol    is   reprodoocd   whilst    nitrogen    and    water. 


Vhe  JBTiatkm  of  this  ooaoapoand  oxide  of  ammonium,  in 
om  of  the  tonr  eqfmTalenla  of  hydrogen   in  ammoniiun 
oeftaiiily  a  TCfy  remarkable  circumstancej   and 
i  of  the  stfoogeet  arguments  in  favour  of  the  ammoniu 
It  abo  stroi^eiis  the  probabihty  that  olefiant  gas  is  1 
hydride  of  aeetyl  (Cfi^  H).     It  may  be  remarked  that  hydrate 
Oiide  of  acetyhimi  ia  mcUmcric  with  aldehyd^ammonia^  altboti 
ao  difttenl  from  it  in  propertieB : — 

C^  H,XO,  HO   =  C.H^O^  NH3. 

Aittftia  (C4H8,  H,X),  Sp,  ^.  a/  liquid  0975  ;  of  vapour  1-52^ 
— If  an  akxkboUc  solutiou  of  the  hydrated  oiide  of  acetylium 
dblilkd  to  drpeas  in  a  i^tort,  and  the  temperature  be  then  1 
ito  abotti  500%  water  again  begins  to  escape,  and  at  a  tenaperat 
of  4i8*  yoUowish  oily  drops  of  Rcctjlia  pass  over.     This  Ixidy 
%  pecjiiiar  pcraatiait  odour,  which  is  ammoniacal,  and  at  the  : 
tiiM  recalls  tliat  of  aldehyd.     It  boils  at  about  425'',  and  does  not 
become  solid  at  — 13^.    It  is  iuHammable,  and  burns  with  a  bk 
white  flame.     It  is  insoluble  in  ether,  but  freely  soluble  both 
l^waicr  and  in  aloohoh     Sodium  exerts  no  action  upou   acetylia 
iQcdinary   temperatures.       Dry   reddened   Utmus   paper   docs 
hocome  blue  even  when  immersed  in  acetylia ;  but  if  tlie  liase 
iraKtod  with  acids  it  forms  salts  wbieli  are  identical  with  those 
oaide  ot  act-^tvHtun*    If  (x^tasli  be  addetl  to  a  solution  of  these  salta^l 
the  liquid  docs  not  emit  the  odour  of  acetylia,  but  exhibits  the 
properties  of  a  solutiou  of  hydrated  oxide  of  acetylium.       An 
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aqueous  solution  of  acetylia  produces  in  a  solution  of  the  salts  of 
rinc,  a  white  precipitate  which  is  soluble  in  excess  of  the  base.  AVith 
salts  of  copper  it  gives  a  pale  yellow  precipitate,  which  is  par- 
tially soluble  if  acetylia  be  added  in  excess,  forming  a  bright  blue 
liquid.  It  occasions  a  white  precipitate  in  solutions  of  the  salts  of 
silver,  but  the  precipitate  is  readily  dissolved  by  an  excess  of  the 
base,  and  if  the  solution  be  gently  warmed,  a  mirror-like  coating 
of  reduced  silver  is  formed  on  the  sides  of  the  vessel. 

It  is  remarkable  that  the  oxide  of  acetylium  should  be  so  per- 
manent a  body  as  to  require  a  temperature  of  300°  for  its  decom- 
position, although  the  corresponding  compound  of  ammonium 
undergoes  decomposition  as  soon  as  it  is  formed  at  ordinary  tem- 
peratures. Acetylia  corresponds  exactly  with  ammonia,  and  like  it 
does  not  form  salts  until  it  has  assimilated  an  equivalent  of  water. 

Formyl  also  enters  into  the  composition  of  a  base  (CgH,  H^N), 
termed  formylia,  which  is  homologous  with  acetylia. 

If  acetylia  be  treated  with  iodide  of  ethyl,  ethyUacetylia  is 
obtained,  a  base  which  is  represented  by  the  formula  C4H3,  C4H5, 
HN.  Phenylaceiylia  (C4H3,  CigHg,  HN)  is  procured  by  treating 
Putch  liquid  with  aniline  instead  of  with  ammonia : — 

Datcfa  liquid.  Aniline.  Hjdrochlorftte  of  aniline,      iljdroohlorate  of  phen jlacet  jlia. 

Acetylia  also  produces  compounds  corresponding  to  the  amides. 
Thus,  when  butyric  ether  is  mixed  with  an  alcoholic  solution  of 

acetylia,  crystals  of  butyric  acetylamide  C4H3      [•  N,  are  formed. 


^A    [n, 

H      ) 


B.  Natural  Bases. 

I.   Volatile  oily  bases  destitute  of  oxygen. 

(1070)  CoNiA  (CiflHigN)  is  the  active  principle  of  the  hemlock 
{Conium  maculatum) ;  it  pervades  the  whole  plant,  but  is  most 
easily  obtained  from  the  seeds.  As  it  is  volatile,  it  is  obtained  by 
distiUing  hemlock  seeds  with  water  which  contains  a  small  quantity 
of  potash  in  solution ;  conia  then  passes  over  with  the  water  in  the 
form  of  a  yellowish  oil.  When  purified  by  redistillation,  conia  is 
a  colourless,  transparent,  volatile,  oily  liquid  of  sp.  gr.  0*89.  It  has 
a  powerful,  penetrating,  most  unplcjisant  and  oppressive  odour,  like 
that  of  the  fresh  plant.  A  drop  of  it,  when  placed  upon  paper, 
produces  a  temporary  greasy  stain.  It  is  soluble  to  some  extent 
in  water^  but  is  much  less  so  in  hot  than  in  cold  water ;  ether 


aleobal  £»olve  it  firedf .     If  boils  at  340^ 
taponr. 

Aaeofding  to  Kckul^  and  Plnnta  there  are  two  homologoi^ 
YBiicties  of  eoiiia  coutained  in  llie  plant ;  viz.  cotda  (CieH|^N]^  and 
metkfteonut  (C^^Hj-N) :  wIiph  either  of  these  bases  was  acted  apoa 
bjr  iodide  of  clbyl  or  of  methyl,  new  substitution  basi 
obtained,  ftimisbing  the  following  series  of  eompounils  ; — 


CoQia  *     •     • 
Methyl-conla  . 
Ethyl -con  ia 
Hvdrated   oxide 


of) 


^«>lll»^ 


C,H,  (C,«H,^N 


CaHaNO,  HO=C.Hs,  C,H,  {C„HJO.  H( 


I 


ethyl-methyl-conium  ) 

These  experiments  show  that  conia  must  be  regarded  as  an  imii 
base  from  which  ammonium  basea  may  be  procured, 

When  normal  conia  (Cj^HijN)  is  exposed  to  the  air,  it  rajii< 
absorbs  oxygen  ;  first  becoming  brown,  and  ultimately  nearly  solii 
Conia  has  a  powerful  alkaline  reaction;  it  neutralises   the 
perfectly,  and  precipitates  many  of  the  metallic  oxides  from  tl 
salts ;  in  all  its  forms  it  is  a  most  dangerous  poison*      Its 
crystallize  with  diificulty ;   if  their  solutions  are  evaporated  in 
air,  they  are  decomposed,   becoming  red  or  violet  in  coloiu-^  si 
ultimately  assuming  a  dark  green  or  a  blue  tint.    Strong  sulphii 
acid  causes  its  compounds  to  become^  first,  of  a  purple  red  ool 
and  then  of  an  olive  gre^n*      With  nitric  acid  it   gives  a  bl 
red  colour,  fading  into  orange ;  butyric  acid  is  one  of  the  prod 
of   this   reaction.      Conia  unites  with  cyanic  ether,    and   fonsi 
immediately  a  compound  urea  : — 

Cyanic  Eibrr,  Cooi^  EtbrlcotijltireA.  ^  (^2^8 ) 


C,II  A  C,NO  ^  Ci.II^N  ^ 


A  1  A  4|Q  ik^  ^J\ 


1* 


or 


IS 

4 


u 


r^ 


(1070   Aw)   Spartbia   (CiflHpN). — In    the    Spartinm    scopa* 
rtum^    or  common    broom,    Stenhouse   discovered    an  oily  base, 
to  which  he  gave  the  name  of  sparteine.      It  possesses 
properties,  is   considerably  heavier  than  water,  and  has   a 
odour  recalling  that  of  aniline;    when  pure  it  is  colourless,  buti 
gradually  l>ecorac8  brown  by  cxposiu^  to  the  air*      It  boils  atjjd 
With   bichloride  of  platinum,  and  with  corrosive  sublimate, 
forms  double  clilorides,   which  crystallize  readily;    but   its   othd 
salts  are  obtained  in  crystals  with  ditficulty.     The  hydroehlor 
appears  to  undergo  partial  decomposition  if  boiled  with  e^ctsa 
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chloric  acicl,  and  it  emits  an  odour  like  that  of  mice.    Both  the 
r  and  its  salts  have  an  extremely  bitter  tii«te.    Sparteine  contains 

fa  equivalents  of  hydrogen  less  than  eonia.  The  broom  plant  also 
contains  a  neutral,  yellow,  crystalUzable  principle,  termed  scoparm 
(C2oHiiOi„),  to  which  its  diuretic  properties  appear  to  Ije  owing. 

(1071)  NicoTiA,  or  Alcoiine  (C^oHyN) ;  comb,  voLi;  Sp.gr.of 
liquid  1.027  ^^  ^^""y  ^f  ^'<^pour  5*607. — This  is  another  remarkable 

I  volatile  base,  whicli  is  destitute  of  oxygen.    It  is  the  active  principle 

[of  the  tobacco  plant  (Nicotiana  tahacum),  in  which  it  occurs  in 
combination  with  malic  and  citric  acids.  It  is  also  contained  in  the 
smoke  of  the  burning  leaves,  Nicotia  is  a  limpid,  colourless, 
oily  liquid,  with  an  extremely  irritating  and  powerful  odour  of 
tobacco.  It  13  very  inflammable,  and  hums  with  a  smoky  flame. 
It  may  be  distilled  readily  along  witli  the  vapours  of  watc»r,  or  in 
a  current  of  hydrogen  gas ;  though  its  boiling  point  is  as  high  as 
480''.  If  ex|)osed  to  the  air  it  absorbs  oxygen,  becoming  brown, 
and  ultimately  solid.  Nicotia  is  very  soluble  in  water,  and  in 
the  fixed  oils  ;  it  i^  also  soluble  in  all  proportions  in  alcohol 
and  ether.  Ether,  if  agitated  with  the  aqueous  solution,  extracts 
the  whole  of  the  alkali ;  and  the  ethereal  solution  rises  to  the  surface 
when  the  two  liquids  are  left  at  rest.  Nicotia  is  extremely  poisonous, 
a  single  drop  of  it  being  eutheient  to  kill  a  large  dog.  It  exerts 
left-handed  rotation  on  a  polarized  ray.  Its  solution  forms  a 
white  precipitate  in  a  solution  of  corrosive  Hublimate,  as  well  as 
in  one  of  acetate  of  lead,  and  of  both  the  chlorides  of  tin.  The 
white  precipitate  which  it  oceasious  in  solutions  of  the  salt**  of 
Bine  is  soluble  in  excess  of  nicotia.  Salts  of  copper,  with  an 
excess  of  nicotia  yield  a  blue  solution,  like  that  which  they  pro- 
duce when  supersaturated  with  ammonia. 

Cljlorine  acts  powerfully  upon  nicotia,  producing  with  it  a 
blood  red  liquid.  Iodine  forms  with  the  alkali  a  erj^Btaliized 
combination  (2  C^j^H^NjIg)  which  has  a  ndjy  red  colour  :  potash 
decomposes  this  compound,  liberating  pure  nicotia.  The  salts  of 
nicotia  crystallize  with  difhculty :  they  are  neutral,  and  are  very 
soluble  in  water  and  alcohol,  but  insoluble  in  ether,  with  the 
exception  of  the  acetate.  The  proportion  of  this  alkali  varies 
greatly  in  different  samples  of  tobacco.  French  tobacco  eotitains 
7  or  8  per  cent. ;  Virginia,  6  or  7  per  cent. ;  and  Maryland  and 
Havannah,  not  more  than  2  per  cent.,  which  is  the  proportion  in 
ordinary  snutf. 

[  Nicotia  appears  to  belong  to  the  claws  of  nitrile  bases;  the 
bydrocarbon  (Ci^^H^)  which  it  contains^  Ijeing  equivalent  in  function 
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to  the  tlvree  equivalents  of  hydrogen   in    SLiiimouia.     This 
entei's   into   direct  combination   with   iodide  of  ethyl,  and  witl 
iodide  of  methyl ;   forming  compounds  which  correspond  to 
iodide  of  tetrethylium ;   and   when   these  compounds   are  tvas 
with  recently  precipitated  oxide  of  silver,  they  yield  a  powcrfu 
alkaline,  inodorous,  very  bitter  aubstancCj  wMch   rapidly  attncti 
carbonic  acid  from  the  air  *,  for  example :- — 


lodidw  of  Elhyl* 
itkH>Num. 


HTdmt^d  Oxi4o  of 

kihriTiic«jtiui&« 


-f     Agl 


C,,H;.  C4H.,  NI    +     A^-0,  HO    =    C,,Hp  C^H^NO,  HO 

(Kekule  and  Planta,  Liebig's  AnnaL^  Ixxxvii.  1). 

The  best  process  for  preparing  niootia  is  that  employed  by  Schla- 
eing.  He  evaporates  the  aqueous  infusion  of  tobacco  leaver  to  tbe 
consistence  of  syrup,  aiul  adds  twice  its  volume  of  alcohol  of  sp,  gf. 
o'857.  The  liquid  is  thus  separated  into  two  layers  j  the  ufiper 
one,  which  contains  the  salts  of  nicotia,  is  decanted,  concent rji/'i 
by  evaijoration,  mixed  with  a  solution  of  potash,  and  bn^ivi; 
agitated  with  ether.  The  ether  dissolves  the  Jiberated  nicotia  aod 
E^ome  fatty  matters,  and  rises  with  them  to  the  surface  when  iLc 
mixture  is  left  at  rest.  In  onlcr  to  purify  the  alkali,  powdtn-d 
oxalic  acid  is  added  by  degrees  to  the  decanted  ethereal  solution. 
The  oxalate  of  nicotia,  being  insoluble  in  ether,  forms  a  dense 
syrupy  layer  at  the  bottom  of  the  vessel.  It  is  washed  two  or 
three  times  with  pure  ether ;  and  the  nieotia  is  sepai^tcd  by  the 
a<l{Iitii>n  of  a  fresh  ciuautity  of  solution  of  potash  and  ether.  The 
etliercal  solution  is  decanted  into  a  retort,  provided  with  tie 
means  of  transmitting  a  current  of  dry  hydrogen  thix)ugh  it;  the 
ether  is  tlicn  driven  oil',  and  tlie  residue  exi>osed  for  twenty-fout 
hours  to  a  temperature  of  284'',  in  order  to  expel  the  last  traces 
of  ammonia  and  ether ;  after  which  the  temperature  is  raised  to 
35^^  when  the  nicotia  distils  over,  in  a  state  of  purity. 

(107:1)  PreparutuM  of  Snuff. — A  full  account  of  this  operation, 
as  performed  at  the  Imperial  tobacco  works  in  Paris,  is  given 
Pclouzc  and  Frcmy  (Trmie  tfe  Chimie,  2nd  edition,  lY,  437I 
The  following  is  an  outline  of  the  steps  of  the  manufacture  : — 1 
stronger  kinds  of  tobacco  are  those  which  are  preferred  for 
preparation  of  snutf.  The  leaves  are  spread  out  in  thin  laye 
upon  a  stone  pavement,  and  moistened  with  about  a  fifth  of  thcU 
weight  of  chloride  of  sodium  and  water  (sp.  gr*  1*089). 
moistened  leaves  are  next  cut  into  blocks^  and  are  then  piled  up 
large  rectangular  heaps,  in  quantities  of  forty  or  fifty  tons.  The 
masses  gradually  enter  into  fermentation^  and  the  temperature 
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sometimes  as  high  as  170^,  but  usually  it  docs  not  exceed  140°.  If 
the  temperature  be  allowed  to  rise  too  high^  some  parts  of  the  mass 
become  blacky  as  though  they  had  l)een  charred.  Spring  and  antuuni 
are  the  seasons  most  favourable  for  the  commencement  of  this  opc- 
ration,  which  requires  careful  watching^  to  prevent  tlie  development 
of  heat  from  becoming  excessive.  In  about  five  or  six  montlis  the 
temperature  becomes  stationary^  or  l^egins  to  decline ;  the  heaps  are 
then  opened  out^  and  the  fermented  mass  is  submitted  to  grinding. 
The  pale  brown,  and  comparatively,  dry  i)owder  thus  obtained,  is  next 
mixed  with  about  four-tenths  of  its  weight  of  tlie  solution  of  chlo- 
ride of  sodium,  and  is  passed  thmugh  a  sieve,  to  ensure  a  uniform 
moistening  of  the  mass ;  after  which  it  is  packed  in  large  oaken 
chests,  capable  of  containing  from  twenty-five  to  fifty  tons  of  the 
material.  Here  the  snufi*  remains  for  nine  or  ten  months,  and 
undergoes  a  second  fermentation,  in  the  course  of  which  the 
temperature  in  the  centre  of  the  mjiss  rises  to  120°  or  130°. 
During  this  process  the  snuff  ac(|uircd  its  well-known  dark  colour, 
and  the  aroma  is  developed.  Tlie  mass  is,  however,  still  far  from 
imiform  in  quality,  throughout ;  it  is,  therefore,  transferred  to  a 
second  chest,  in  which  operation  all  the  different  parts  of  the  hca[) 
are  thoroughly  mixed  together;  after  the  lapse  of  two  months, 
it  is  a  second  time  turned  over,  and,  sometimes,  a  third  transfer 
is  deemed  requisite.  When  considered  ripe,  the  contents  of  the 
▼arious  chests  are  mixed  in  a  large  room,  capable  of  c()ntainin<r 
350  tons  of  snuff.  Here  it  is  left  for  about  six  weeks,  to  render  the 
entire  mass  uniform  in  quality ;  and  finally  it  is  sifted  into  barrels 
for  the  market.  The  whole  process  of  manufacture  thus  occupies 
from  eighteen  to  twenty  months.  During  the  fermentation,  about 
two-thinls  of  the  nicotia  is  destroyed.  A  small  portion  of  this 
base  appears  to  exist  in  snuff,  in  the  uncombined  form  ;  but,  the 
greater  part  of  the  portion  still  remaining,  is  left  in  the  form  of 
acetate :  a  certain  amount  of  acetic  acid  having  become  developed 
during  the  fermentation.  A  portion  of  the  dcconii)osed  nicotia 
becomes  converted  into  carbonate  of  ammonia,  which  is  par- 
tially retained  by  the  snuff;  and  the  grcidual  volatiliziition  of 
this  salt  appears  to  favour  the  conversion  of  nicotia  into  vapour, 
and  thus  to  occasion  the  pungent  odour  for  which  snutt'  is  valued. 
The  proportion  of  citric  and  malic  acids  becomes  diminished  during 
the  fermentation ;  so  that  ordinary  snufi*  has  an  alkaline  reaction. 
A  certain  quantity  of  a  peculiar  essential  oil  appears  also  to  be 
developed  during  the  operation ;  and  to  the  variable  ])roi)ortion  of 
this  oU,  much  of  the  difference  in  the  flavour  of  the  different  varie- 
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^irtof. 


The  quantity  of  nitrate  of  |>aiash  wKita 

ptKm  over,  uuallere<i,  into  the  siuilT* 

tbal  tobacco  is  one  of   the  most  exhaust* 

n  he  grown  upon  any  soil^  siace  it  carries  of  ifi 

cf  mimenl  oonstitneuts  (the   pro[>ortioii  of  ach 

}fBm  than  21  {ler  cent,  of  the  dry  leaf).     Amocu; 

nstric  acid  as  futmd  in  (|tiantity  often  exceeding 

.  of  die  irw  leaf;  wliilft  the  salts  of  potaah  amount  to 

m  AiM  of  the  sdine  residue. 

thai  the  idm  principle  of  henbane  or  H^oiff* 

w,  mm  m^  -^ifaltfle  htm,  ushipms  to  nieotia ;  aiuce  a  pordoa 

k  over  whm  the  pbal  ia  AaliUed  with  a  ^lution  of  potaah 

I  of  the  alkaloid,  hovef«r«  ta  deocnnposed  in  this  operadoot 

has  not  been  dcterauned* 


2*  Ba»e$  wAidk  cmUmm  arygetu 

(a)  Alkaloids  of  the  Cinchonas, 

(107))  In  the  bark   of  the   differeot  varieties  of  Cineh 
well  chanuctenaed  and  important  bases  occur.       They  are  j 
ift  eloariy  related  to  eiich  other  in  composition,  and  are  found,  1 
ion  with  kinic  and  kinotannic  acids,  in  the  bark* 
abundant  of  these  bodies  are  cinehonia  and  gmnia,  each 
18  accompanied  by,  or  is  conTcrtible  into,  two  isomeric  basci," 
respectively,  chichomdine  and  ctnchomdne,  and  quini4Kmi 
Besides  these^  a  base  termed  ortctiu*,  or  cimchofrntint, 
htfk  been  found  in  the  bark  of  the  cinchona  ovaia.     Until  reoentlr 
^  iaik»  supposed  that  the  formula  of  ciuchunia  was  C^II^jNO,  and 
of  4tiauiaC^H,«>iOs;  but  the  reaearches  of  Strecker  appear 
that  these  formula  muBt  be  doubled.     Both  ciiichouia, 
fortn  two  classes  of  salts  \  one   class  of    whieb    hai^ 
nntil  quite  recently,  as  being  basic,  whilst  the  otheffl 
^Z-T  LiMfS*'*"^  ^  ^  neutral  :  the    common    medicinal   sulphate  of" 
l^^i^nmyfoi  vas  viewed  as  the  basic  sulphate.  If  the  formula 
W  iliMiMed,  however,  this  salt  will  be  neutral,  whibl 
<^  IMiRded  as  neutral,  must  be   an  acid  salt.       The 
\i.^%  \m^f%  form  with  the  smaller  proportion  of  odd 
luble  in  water,  but  are  readily  dissolved  oo 
^iNtadd. 


J)w^i«.  «a  well  as  einchonidine,  appear  to  belong 
ite  bases  ;  since,  when  treated  with  iodii 
ij  tthylj  they  yield  bases  of  the  ammoniuni 
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jTpe.  Hydrated  oxide  of  eihtfhquinium  2  (Cj„H,jNOi),  C4H5OJ  HO 
[as  a  powerful  bas€,  which  attracts  carbonic  acid  from  the  air :  the 
iodide  of  fiiethyloquinium  consi^st*  of  2  (CaoHj^NOj),  C^gHjI,  The 
^iodides  of  the  correspoudiiig  derivatives^  of  ciuchonia  and  einchoni- 
■Ainc^  each  consist  of  2  (C»>HuNO),  CjIIal,  Induced  by  these  and 
Vother  circiutmtances,  Strecker  doubles  the  old  formula  of  Uiese 
^&lkaloid$,  representing  quinia  as  Ci^II^N^O^. 
H  Ciuchonia  and  quinia^  with  their  isomendes,  are  decomposed 
when  distilled  witli  hydrate  of  potash.      Several  volatile  bases  are 

P formed^  araougst  which  quinoline    (1067)   \&  the  most  abuudant; 
liiid  formiate  of  potash  is  left  in  the  retort. 
Ciuchonia  and  its  isomeric  congeners,  are  most  abimdant  in 
the  pale  Peruvian   Bark.       Quinia,  and  its  iaomerie  companions, 
occur   most    abundantly  in  the  yellow  Bark,  or  cinchona  cordi* 

•  folia ;  whilst  the  red  Bark  contains  lx)th  chisscs  of  alkaloids* 
Quinia,  from  its  febrifuge  and  antiperiodic  powers,  \&  the 
most  higlily  esteemed  of  these  alkaloids  for  medicinal  purposes ; 
though  it  appears  that  quinidiue  poe^sesses  similar  therapeutic 
virtues  to  a  nearly  equal  extent, 
■«  (1^74)  1- CiNCHONiA  (C^H^^NjOa)  crystallizes  in  large  quadri- 
lateral prisms,  which  are  anhydrous ;  they  are  less  soluble  in 
alcohol  than  quinia,  and  ai'e  insoluble  in  ether.  Cinchonia  is 
dissolved  by  solutions  of  the  alkalies,  and  alkaline  bicarbonates. 
At  329°  F,  it  fuses  to  a  colourless  liquid,  which  becomes  a  crystal- 
line mass  on  cooling  ;  when  heated  further  it  is  partially  volatilis&ed  ; 
but  a  portion,  at  the  same  time,  nudcrgoes  decomposition.  It 
may  be  sublimed,  readily,  in  an  atmosphere  of  hydrogen.  Its 
salts  are  intensely  bitter ;  they  arc  precipitated  by  infusion  of  galls, 
as  wcU  as  by  solutions  of  the  oxalates,  tartrates,  and  gallates. 
Tho  equivalents  of  the  hytlrogeu  in  cinchonia  may  be  displaced 
by  chlorine,  and  by  bromine  :  the  new  compounds  thus  obtained 

I  retain  their  basic  characters* 
Sulphate  of  cinchonia  (HO  (C^^H-^N^Oj),  SO3,  2  Aq)  crystallizes 
in  irregular  prismi^i,  which  melt,  like  wax,  at  a  little  beyond  x\i°  -, 
when  gently  heated,  it  emits  a  phosphorescent  light.  If  it  be  first 
moisteneil  with  water  acidulated  with  sulphuric  acid,  it  may  be  kept 
in  a  fused  condition  for  some  hours;  during  which  time  it  gradually 
paBses  into  the  sulphate  of  cinchonieiue  (Pasteur).  K  heated  more 
strongly  it  is  converted  into  a  resinous  mass,  of  a  beautifid  red 
colour.  The  BlsuJphate  (2  HO,  C^.H-^iN^O^,  2  SO3,  6  Aq)  in  very 
soluble  both  in  water  and  in  alcohol ;  it  crj^stallizes  from  a  hot 
solution,  in  large,  well-defined,  rhombic  octohedra.      When  cin- 
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chonia  is  dissolved  in  sulphuric  acid,  and  heated  with  peroxide 
leadj  it  produces  a  red-coloured  compound;   when  mixed   wit 
chlorine  water  and  afterwards  with  ammonia,  no  green  tint  is  pro*" 
duced,  as  occurs  when  quinia  is  similarly  treated.      Its  salts  are 
generally  more  soluble  both  in  alcohol  and  in  water^  than  those  of 
quinia* 

2,  Cinchonidine  (Ci^H^NjOj). — This  alkali^  which  is  isomeric 
with  cinchonia,  occui's  uaturally  in  certain  varieties  of  cinchona 
bark  ;  and  may  be  obtained  by  the  spontaneous  evaporation  of  its 
alcoholic  solution,  in  hard,  brilliant,  striated^  rhomboidal  prisms, 
which  are  anhydrous,  and  insoluble  in  ether.  Its  solution  ii 
absolnte  alcohol  produces  left-handed  rotation  upon  a  polarized' 
ray;  whilst  cinchonia  produces  rotation  to  the  right.  Cinchoni- 
dine fiises  at  347^,  and,  at  a  higher  temperatiirCj  is  decomposed^ 
emitting  an  odour  of  oil  of  bitter  almonds. 

When  the  solutions  of  the  salts  of  this  base  are  mixed  with  the 
caustic  alkalies,  or  with  the  carbonates  or  bicarbonates  of  thi 
basesj  they  give  a  white  precipitate  of  cinchonidine,  wliich  graduaUy- 
becomes  crystaHine.  Phosphate  of  soda,  corrosive  subli 
nitrate  of  silver^  and  sulphocyanidc  of  ammonium,  also  give  whi 
precipitates  in  solytions  of  salts  of  cinchonidine.  At  a  higl 
temperature,  the  salts  of  cinchonidine  pass  into  those  of  cinchoni- 
cine.  The  Sulphate  {C^yB..i^p.^,MO,  SO3)  crystallizes  in  stdlata 
groups  of  silky  needles,  the  solntion  of  which  is  neutral  to  test 
papers.  The  hydrochlorate  crystallizes  in  large,  brilliant,  rhom* 
boidnl  prisms,  soluble  in  about  twenty -seven  parts  of  water. 

3.  Cinchonicine  is  a  third  base,  which  has  tiie  same  composi- 
tion as  the  two  foregoing  ones.  It  is  precipitated  from  its  salts 
in  the  form  of  a  resinous  mass,  which  is  freely  soluble  in  alcohoLj 
This  solntioo  causes  right-handed  rotation  of  a  ray  of  polarized 
light.  Cinchonicine  is  best  prepared  by  the  action  of  heat  upon 
the  sidphate  of  cinchoniuc^  in  the  manner  already  mentioned. 

(J075)  4.  Quinia  (CyjILjNaO^j  6  Aq)  is  most  abundant  in  the 
yellow  bark  [cinchonu  cordifoUa),  in  which  it  occurs  mixed  with 
cinchonia,  and  combined  with  kinic  and  kinotannic  acids.  Th< 
quantity  of  the  alkaloids  varies  in  different  specimens  of  bark,  but 
the  two  together  generally  amount  to  3*5  or  4  per  cent.  In  order 
to  extract  the  bases,  the  pulveriised  bark  is  boiled  with  8  or  10  parts 
of  water  acidulated  with  r  part  of  oil  of  vitriol,  or  with  2  parts  of 
hydrochloric  Jicid,  The  Itqiiid  is  strained  through  a  cloth,  and  th« 
residue  is  boiled  twHce  with  water  less  strongly  acidulated.  \\h 
the  strained  liquors  are  cold^  milk  of  iimCj  or  carbonate  of  soda 
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added  in  slight  excess^  the  precipitate  is  submitted  to  pressure^  and 
theu  treated  with  hot  alcohol.  If  the  proportion  of  cinchoninc  1)0 
considerable,  it  crystallizes  as  the  liquid  cools ;  and  a  fresh  quantity 
is  obtained  by  distilling  off  one  iialf  of  the  alcohol  from  the 
residue,  whilst  the  quinia  remains  in  solution ;  the  liquid  is  tiicii 
neutralized  with  sulphuric  acid.  The  separation  of  the  two  bases 
is  afterwards  completed  by  crystallizing  the  mixed  sulphates  from 
a  slightly  acid  solution ;  the  sulphate  of  quinia  iKMug  much  the 
less  soluble  of  the  two,  crystallizt^s  first.  The  alkaloid  is  then 
thrown  down  from  the  sulphate  by  adding  ammonia.  Cinchonia 
and  cinchonidinc  may  also  be  separated  from  quinia  by  means  of 
ether,  which  dissolves  the  quinia,  and  leaves  the  cinchonia  and 
ciuehonidine. 

Quinia  may  be  obtained  in  crj'stals,  though  with  some  difficulty, 
by  allowing  its  alcoholic  solution  to  cvai)orate  spontaneously  in  a 
cool  place  :  silky  needles  are  thus  formed  ;  they  are  dissolved 
much  more  readily  by  cold  alcohol  than  the  crystals  of  cinchonia. 
Quinia  requires  about  350  parts  of  water  for  its  solution.  By  a 
heat  of  240^,  6  equivaU*nts  of  water  are  expelled,  and  at  a  little 
above  this  point  the  alkali  fuses  into  a  resinoid  mass,  which  may 
be  distilled  in  great  part  without  decomposition.  Quinia  is  also 
soluble  both  in  the  essential  and  in  the  fixed  oils. 

Quinia  yields  crystallizable  salts ;  but  when  these  salts  are 
exposed  in  solution  to  a  strong  light,  or  when  they  are  treated 
with  an  excess  of  acid,  they  pass  into  a  resinoid  amorphous 
condition,  and  constitute  the  substance  met  with  in  the  sho])s  as 
guinoidine,  which  is  also  contained  abundantly  in  the  mother 
liquors  from  which  the  salts  of  quinia  have  been  crj-stallizcd.  The 
employment  of  an  excess  of  acid  in  extracting  the  alkali  from  the 
bark  should  be  avoided,  since  it  appears  to  increase  the  formation 
of  this  uncrystallizable  suljstance.  Ciuinoidine  is  a  mixture  of  several 
basic  compounds,  among  which  are  all  the  alkaloids  of  the  cinchona 
bark.  In  some  instances  as  much  as  50  or  60  per  cent,  of  cry s- 
tallized  quinidinc  have  been  extracted  from  it  by  treatment  with 
ether.  Pasteur  considers  that  the  production  of  quinoidinc  might 
be  greatly  diminished  if  more  care  were  taken  in  drying  the  bark 
upon  the  sjiot  where  it  is  collected.  Exposure  to  the  sun^s  rays 
shoiild  be  avoided,  for  it  is  found  that  direct  sunlight  has  a  remark^ 
able  influence  in  producing  the  change  of  the  crystallizable  alkaloids 
into  the  uncrystallizable  form. 

The  salts  of  quinia  huv^  ixu  intensely  bitter  taste;  they  give 
abundant  precipitates  with  tincture  of  galls^  nitrate  of  red  oxide 
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of  racrc\3ry>  and  nitrate  of  silver,  abo  with  gallic,  tartaric;  i 
o?talic  acUls,  aiul  their  salt*.      If  qiiinia  lie  sus|)eodod  in  walcr,j 
elilorinc  \}c  transmitted  through  the  hqaid,  the  alkali  is  dia 
and  the  solution  passes  successh-ely  throng    tbtioiib 
rose,  violet,  and  dark  nid.     The  foUovring  reaction  i»  regarded 
eharactcriatic  of  quinia  t   when  freshly  prepared   chlorine  water  i 
poinded  into  a  &ohition  of  one  of  the  salts  of  this  alkali,  and  theal 
few  drops  of  ammonia  are  added,  a  green  colour  is  prudiieed. 

The  presence  of  einehonia  iu  the  salts  of  qutnia  may  be  dc 
in  several  ways ;  one  of  the  best  is  that  proposed  by   Liebig : 
grains  of  stdphate,  or  other  salt  of  quinla  suspected  to  be  impoiV] 
are  plaeed  in  a  test  tulxf  with  a  drachms  of  washed  ether,  and 
dix)ps  of  a  solution  of  caustic  ammonia  are  arlded.      The  znixtorel 
briskly  shaken,  and  on  standing  it  separates  into  two  layers 
tipper  one  consisting  of  an  ethereal  solution   of   qtiinia,  the  lo 
one  of  an  aqueous  solution  of  sulphate  of  ammonia  ;  the  cir 
being  insoluble   in   either   liquid   floats   npou    the    surface  of 
watery  layer.    The  fmudidcnt  admixture  of  sal iein  with  the  salt 
quinia  is  detectc^d  by  the  addition  of  a  few  drops  of  oil  ofritrioH 
the  salt ;  if  salicin  be  present  it  gives  a  red  colour  to  the  mixtum 

The  sulphate  of  t/uinia,   usually  called  the  dUuip/mie,    {I 
C4,Jl24N20|jSO.,  +  7  Aq),  is  the  salt  employed  in  medicine:  it 
tallizes  in  snow-white,  very  liglit,  bulky,  ctHorescent  neeiUes,  wl 
ai-espiu-ju^ly  soluble  in  water,  hut  abundantly  so  in  dilute  sulpha 
acid  Hud  in  aleohoL      The  acidulated   solution    shows   the    phc 
nienon   of  fluorescence  (104)   in  a  striking  manner.       Sulphate 
quinia  fusses  easily  on  the  application  of  heat,   and   emits  a 
phort).*icent  light  An  add mtipfuUe  (C^^JlniNoO^,  2 HO,  iSOj^  14/ 
Viav  be  obtained  by  dissolnng  the  foregoing  salt  in  auljihurtci 
and  c*mccutrating   the  liquid  ;    it   crystallizes    iu   small 
^hick  arc  freely  soluhlc  iu  water,  and  in  alcohol. 

K  rtnnarkablo    compound   of  iodine   and   sulphate  of   quii 
^SjOjj,  2  HO,  2  SOa  +  10  Aq),  has  been  described  by 
%iv^T*4'«*tU.    It  may  be  obtained  by  dis'iolviug  the  bisulphate  of  qui 
1^  VV^^imUrattHl  aet^tie  acid,   and  adding  to  the   heated   liquid, 
yi^j^,;^  «t>)ution  of  iodinCj  drop  by  drop.     After  standing   for  \ 
-^      ^^\v^*^  lh«»  *<dt  is  deposited  iu  large    flat   rectangular  pli 
^Kv*^  m^^x  by  rettected  light  are  of  a  brilliant  green 
lu»tif » like  the  wing  cases  of  the  bUstering 
,.  V    fmnsmitted  light    they  appear  of  a  palel 

ii^  .^  tmnsuiittcd  is  perfectly  polarised;  ao  thai  if 

'  at  right  angles,  the  whole  of  the  light 
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18  as  completely  arrested  by  the  overlapping  portions^  as  it  would 
b«  by  two  overlapping  plates  of  tourmaline^  the  axes  of  which  cross 
each  other  at  right  angles  (i  13).  Quinia  passes  michanged  into 
the  urine^  and  may  readily  be  detected  in  this  excretion  from 
patients  to  whom  it  has  been  freely  administered. 

5.  Quinidine  (C^oHj^iNgO^,  4  Aq),  is  a  base  isomeric  with 
quinia.  It  is  extracted  from  quinoidine  by  treatment  with  ether. 
The  ethereal  solution  if  left  to  spontaneous  evaporation  crystallized 
with  facility,  in  long  rhombic  efflorescent  prisms.  The  solu- 
tion of  quinidine  in  absolute  alcohol  produces  right-handed  rota- 
tion of  a  polarized  ray  (Pasteur),  wliilst  a  similar  solution  of 
quinine  produces  rotation  to  the  left  (Bouchardat).  Quinidine  is 
much  less  soluble  in  water  than  quinia,  for  it  requires  about  1500 
parts  of  cold  water  for  solution ;  but  it  is  much  more  soluble  than 
quinia  in  ether.  When  heated,  it  loses  its  water  of  crystallization, 
and  it  fuses  at  320°.  The  acid  sulphate  of  quinidine  is  much  less 
soluble  than  the  corresponding  salt  of  quinia ;  whilst  the  oxalate 
is  freely  soluble  in  water,  and  may  thus  be  separated  from  the 
oxalate  of  qidnia,  which  is  sparingly  soluble.  Chlorine  and 
ammonia  produce  a  green  coloration  with  the  salts  of  quinidine, 
similar  to  that  which  they  occasion  with  those  of  quinia. 

6.  Quinicine  is  produced  by  the  action  of  heat  upon  the  salts 
of  quinia  and  quinidine.  It  is  precipitated  by  alkalies  in  the  form 
of  a  fluid  resinous  mass,  whicli  combines  readily  with  acids,  and 
forms  bitter  micrystallizable  salts,  endued  with  febrifuge  proper- 
ties. These  salts  arcmctamcric  with  those  of  quinine.  Quinicine 
is  freely  soluble  in  alcohol :  the  solution  produces  right-handed 
rotation  of  a  ray  of  polarized  light. 

The  relation  of  the  cinchona  alkalies  to  polarized  light  is  remark- 
able, and  may  thus  l)e  exhibited  : — 

Quinia  produces  a  powerful  left-handed  rotation, 
Quinidine        „    a  powerful  right-handed     „ 
Quinicine        „    a  feeble  right-handed  „ 

Cinchonia  „  a  powerful  right-handed  „ 
Cinchonidine  „  a  powerful  left-handed  „ 
Cinchonicine  „    a  feeble  right-handed  „ 

Pasteur  considers  that  quinia  and  cinchonidine  each  contain 
two  active  groups,  one  of  which  produces  strong  left-handed  rota- 
tion, the  other  produces  a  feeble  right-handed  rotation.  He  also 
regards  qidnidine  and  cinchonia  as  each  consisting  of  two  groups ; 
one  of  which  exerts  a  powerful  right-handed  rotation,  and  the 
other  a  feeble  left-handed  rotation;  and  he  supposes  that  in 
/  t2 
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[each  of  the^e  bases,  by  the   agency   of  heat,    the    more  powe 
[group   ia    rendered    inert,   whilst    the    weaker    one    remains 
1  dodified,  thus  occasioning  the   effects  obBerved  in   qoinicine  uid 
^  cinchonicine. 

7.  Aricint  or  cinchovaiine   (C^^H^^NjOg).^ — This  base  is  taj^ 
abundant  than  the  two  alkalies  jn^t  described.      It  has  beenfou 
in  a  wliite  variety  of  cinchona  bark,  and  has  been  but  incomple 
e&amined.     Aricine  crystallizes  in  white  needles,  wliicb  are  fmUs 
^at  370°,  but  not  volatile:  it  is  soluble  in  ether  i  with  nitric  acid 
it  strikes  im  intense  and  characteristic  green  colour. 

(i)  Alkaloids  contained  in  Opium^ 

(1076)  OpiuJkl,  the  inspissated  milky  juice  of  the  ^70/913 
fiffj  eomplicated  substance,  tire  composition    of  ^vbich 
Urmlly   even   when  it  is    not  adulterated^   as    it   often  is 
lill^^ly.     Genuine   Smyrna  opium   is   the  best    variety,    since 
COuUiud  the  lai^est    proportion  of  morphia*     The    following 
i^tilneuUi  w  ith  the  exception  of  opiauine,  have  been  ascertained  I 
rxist  in  most  kinds  of  opium  ;— 


Meoonic  arid     .     .     .  :^JlO.  C.MOy^ 

t.  Morphia C,^Hij,NO( 

3*  t'^Mii'm C3,lT,iN0, 


c;,ii;,No, 


from  6  to  8  per  cent. 
fVora  6  to  1 2  per  cent. 
1©6»  thiin  t  j>er  cenU 

Bo. 

Do, 


(from  Egyptian  o^noij 
from  6  to  8  per  ceat» 

4  or  5  per  cent. 


I     3.  Thelmin Cl 

•J"*  5.  Opuinint*     (uormal 
ft  napcoHneP)  .     ,     , 

©     6.  ^'areotiiio    (ethyl 

onrL'otine)    ,     ,     , 
>^7.IvWia     ...,'.    C,„H^NO,, 

Mecoiivne  (opmnyl)     ,     CjoHjyOa 

llosinoud  matter    .     . 

C^ttLmlL^ioiK*  ,     .     ,     . 

KnHontiftl  oil       .     *     * 

Mueilnge  or  gum  ♦     . 

Mi4uy  of  the  opium   bases  exhibit  a  very  intimate  relatk 
ViMi^k  \»tiivr»  ulthouj(h  as  yet  the  etlbrts  of  the  cliemiist  to  transfor 
^vW  vgu«i  into  the  other  have  been  without  success.      Morphia, 
\h>  i>b«HM*vtHl,  ditlVrs  from  eotleia  in  containing  one  equi>-ale^ 
iVf  th^  CiMujHJUud  (CijMj),  alUiough  the  two  bases  do  not  exhil 
\?  cl\>ao  nMKJtwbhuice  usually  observed  between   the    eontiguo 
IT*  gf  a  tu»nudogous  scries.      If  the  relation    were  one 

hu4iiv>k)^v.  IIjc  action  of  iodide  of  methyl  upon  mor 
^\im  ^^  pitxluction  of  codeia,  just  as  dimcthylia 
tl  '-    -^    methvlin    l)y   similar    treatment;   but   instead 

i^i   uxlule  of   methyl  upon   morphia  is   attende 
ill  ition    tJf  a    new  base  of  the   ammonium   cla 

t\iin*wiiii  U\Q  eqiiividcnts  more  of  carbon  than 
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and  papaveriue  2  equivalents  more  of  carbonic  oxide,  2  (CO)  than 
thebaia,  whikt  opianine,  if  Grerhardt's  interpretation  of  the  results 
of  Hinterberger  be  admitted,  contains  2  equivalents  of  carbon  and 
6  of  oxygen  more  than  papaverine.  The  researches  of  Wertheim 
{Joum.  f.  prakt.  Chimie,  liii.  421),  appear  to  have  proved  the  exis- 
tence of  three  homologous  forms  of  narcotine  in  opium,  and  Grcrhardt 
is  disposed  to  view  the  opianine  of  Hinterberger  (which  is  isomor- 
phoos  with  narcotine),  as  a  fourth ;  these  bases  would  then  stand 
to  each  other  in  the  following  interesting  relation : — 

Opianino,  op  normal  narcotine    .     .    C^^TIjo    (H  )N0,4  =  C4jlT,|NOj4 

Methyl-narcotine C^n;„(C5H,)NO,4  =  C^^H-jNOj^ 

Ethjl-narcotine  (ordinary  narcotine)  C„H^(C4ll4)NO,4  =  C4^Hj5NOj4 
Trityl-narcotine C^jHjo^C.HyjNOi^  =  C^^H^NOj^ 

thus  constituting  a  true  homologous  series. 

If  opianine  were  distilled  with  hydrate  of  potash  it  probably 
would  yield  ammonia,  whilst  Wertheim  has  found  the  second  of 
the  forgoing  compounds  to  furnish  methylia,  the  third,  cthylia, 
and  the  fourth,  tritylia.  Opianine  has  hitherto  only  been  found 
in  Egyptian  opium,  and  has  been  but  imperfectly  examined. 

The  formula  of  narccia,  as  given  by  Anderson,  differs  from  that 
of  ordinary  narcotine,  in  containing  four  equivalents  more  of  water. 

The  opium  alkalies,  mor|)hia,  codcia,  and  papaverine,  combine 
readily  with  iodine,  and  form  cry  stall  izable  com[)Ounds  containing 
three  equivalents  of  iodine  to  one  of  the  alkali.  Codcia  also 
unites  with  two  equivalents  of  cyanogen,  and  forms  a  new  and 
distinct  base,  cyanocodeia.  True  substitution  compounds  may  also 
l)c  obtained  from  codcia  with  the  halogens,  and  with  nitric  acid, 
in  wliich  case  one  or  more  equivalents  of  hydrogen  are  displaced 
by  a  corresponding  number  of  equivalents  of  chlorine,  of  bromine, 
or  of  peroxide  of  nitrogen. 

(1077)  Isolation  of  the  components  of  Opium, — The  separation 
of  the  opium  bases  from  each  other  is  a  matter  of  considerable 
di£Sculty,  and  can  only  be  performed  satisfactorily  when  large 
masses  of  opium  are  acted  uix)n.  The  following  is  an  outline  of 
the  method  to  be  adopted,— the  mor|)hia  being  first  obtained  by 
the  process  of  Robertson  and  Gregory,  and  the  mother  liquors 
being  afterwards  treated  for  the  other  alkalies  upon  Anderson's 
plan  {Edinburgh  Trans.  Roy,  Soc,  xx.  347,  and  xxi.  204) : — 

I.  Meconic  Acid, — An  aqueous  infusion  of  opium  is  prepared 
by  mixing  several  pounds  of  the  drug  with  three  times  its  weight 
of  water,  straining  the  solution  through  linen,  and  treating  the 
residue  two  or  three  times  with  fresh  portions  of  water.  An  acid 
liqoid  is  thus  obtained,  which  is  to  be  concentrated  by  evaporation^ 
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and  mixed  with  sufficient  chalk  to  render  it  neutral ;  a  eolution  of 
chloride  of  calcium  containing  a  quantity  of  this  salt  equal  to  about 
one-twcnticth  of  the  weight  of  the  opium  em  ployed,  m  then  to  be 
added.  The  precipitate  which  is  thus  occasioned  cxjnsists  of  too- 
conate  of  lime  (ni8),  and  must  be  separated  by  filtration. 

2.  Narcotine, — A  large  amount  of  narcotine  remains  in  theportia 
of  opium  which  is  not  soluble  in  water;  it  can  be  extracted  by  add 
acetic  acid  to  the  mass^  precipitating  the  filtered  liquid  by  the  add 
tion  of  ammonia,   and  purifying  the  crude  narcotine  by  digc 
its  solution  in  alcohol  with  animal  charcoal,  and  recrystallixing. 

3.  Morphia,— The  clear  liquid  filtered  from  the    mecouatc 
lime;  is  evaporated  till  it  acquires  the  consistence  of  a  thin  sj 
On  Cfxiling,  it  liccoracs  semisolid,  from  the  formation  of  cn^s 
of  Ijydrochlorate  of  morphia ;  this  salt  may  be  purified  bv 
taUization,  after   the  strongly  coloured   mother   liquor   has  beea~ 
separated  from  it  by  pressure* 

4.  Codeia, — On  further  concentrating  the  mother  liquors  from 
the  hjdrochlorate  of  morpbiaj  a  fresh  crop  of  crystals  is  ^eparati 
which  consists  of  a  mixture  of  the  hydrochlorates  of  niorjihia 
codeia.     If  this  be  dissolved  in  hot  water,  and  supersaturated  wi^ 
ammonia,   the    morfihia   is  precipitated,  while    codeia    remains 
solution,    mixed   with   muriate   of  ammonia.      The    hot    aqueoq 
Bolution  is  concentrated  by  evaporation,  and   on    the  addition 
potash  the  cofleia  is  separated,  partly  in  the  form  of  an  oil  whid 
gradually  becomes  solid,  and  partly  in  crj^stals  which  are  deposit 
as  the  liquid  cools. 

The  black  mother  liquor  from  which  the  hydrochlorates  of  mo 
phia   and  codeia  have  been   sfparatcd,  contains   the  whole  of  ti 
remaining  base^*      It  is  to  be  diluted  with  water  and  filtered 
fiocculi  of  resinouH  matter  wliich  are  thus  got  rid  of,  and  ami 
nia  is  then  to  be  added  as  long  as  a  precipitate  is  occasioned, 
precipitate    (a)   contains   a   large  proportion  •of  narcotine   and 
resin,  with  small  quantities  of  thehaia  and  papaverine.    The  filt 
(b)  contains  narceine  aud  meconine. 

5.  Narceine,— To  tlie  filtered  liquid  (b)  a  solution  of  acetal 
of  lead  is   added,   so   loug  as   it   occasions  a  precipitate ;  a  dir 
brown  eoloin'ing  matter  is  thus  thrown  down,  and  is  to  be  seii 
by  filtration  through  a  cloth  ;  the  excess  of  lead  is  removed 
sulphuretted  hydrogen,  aud  the   filtered  liquid  is  concentrated 
evaporation   to  a  syrup,  wliich   on    standing    becomes  filled   wid 
voluminous  silky  crystals  of  narceine;  these  may  be  purified  hf\ 
second  crystallization* 
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6.  Meconine. — ^The  mother  liquor  from  the  narceinc  is  agitated 
ivith  a  fourth  of  its  bulk  of  cther^  and  the  ethereal  solution  is  de- 
canted; this  process  is  repeated  upon  the  aqueous  portion^  with  fresh 
portions  of  ether,  so  long  as  the  ether  becomes  coloured.  The  ethe- 
real solutions  are  submitted  to  distillation,  and,  on  the  addition  of 
water  to  the  residue,  a  resinoid  substance  is  separated,  from  which 
hydrochloric  acid  extracts  a  portion  of  papaverine.  The  undis- 
solved portion,  when  crystallized  from  its  solution  in  boiling  water 
yields  needles  of  meconine. 

7.  Additional  quantity  of  Narcotine. — The  precipitate  (a)  which 
was  separated  by  ammonia  from  the  mother  liquors  of  the  morphia 
and  codeia,  is  at  first  granular,  but  if  left  in  the  press  it  soon 
concretes  into  a  resinoid  mass ;  in  order  to  prevent  this  agglo- 
meration, it  must  without  delay  be  broken  up  and  diffused  through 
water,  strained,  again  pressed,  and  the  washings  repeated  until 
they  run  off  nearly  colourless.  A  portion  of  the  precipitate  is  then 
boiled  with  rectified  spirit,  and  the  liquid  filtered  while  hot; 
crystals  of  narcotine  are  deposited  as  it  cools.  Tlie  spirituous 
solution  is  then  boiled  with  a  fresh  portion  of  the  precipitate,  and 
the  same  process  is  repeated  until  the  whole  of  the  precipitate  has 
been  so  treated;  the  narcotine  obtained  in  this  manner  can  be  added 
to  that  already  procured  from  the  undissolved  mass  (2). 

8.  T/iebaia, — The  spirituous  mother  liquor  from  which  the 
narcotine  has  crystallized,  now  contains  resinous  matter,  besides 
still  retaining  some  narcotine,  and  all  the  papaverine  and  the- 
baia.  The  alcohol  is  distilled  ofl*,  the  bases  are  separated  from  the 
dark  brown  residue  by  means  of  acetic  acid,  and  the  solution  thus 
obtained  is  decanted  from  the  undissolved  i>ortion.  On  adding  an 
excess  of  basic  acetate  of  lead  to  the  acetic  solution,  the  whole 
of  the  papaverine,  narcotine,  and  resin  are  i)recipitatcd.  The 
excess  of  lead  is  next  removed  from  the  supernatant  liquid,  by  the 
addition  of  sulphuric  acid,  and  filtration  ;  and,  on  then  adding  a 
slight  excess  of  ammonia,  impure  thebaia  is  thrown  down :  it  is 
purified  by  digestion  with  animal  charcoal,  and  re-crystallization 
from  alcohol. 

9.  Papaverine, — The  greater  part  of  the  papaverine  is  contained 
in  the  precipitate  which  is  separated  from  the  acetic  solution  of 
thebaia  by  subacetate  of  lead.  In  order  to  isolate  it,  the  precipi- 
tate is  reduced  to  a  fine  powder,  and  boiled  with  alcohol.  The 
alcohol  is  distilled  off,  and  the  dark  brown  residue  is  treated  with 
dilute  hydrochloric  acid,  and  filtered  from  undissolved  resin :  the 
■olution  is  then  concentrated,  and  left  to  spontaneous  evaporation ; 
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crystals  of  hydi-oclilorate  of  papaverine  are  thus  gradually  fotmdi  i 
wUibt  tlie  accompanying  narcotine  is  retained  in  solutioa. 

One  of  tUe  greatest  difficulties  in  tUe  purification  of  the  opnm 
baae^  upon  a  Rinali  scale,  arises  from  tlie  presence  of  a  peculiar  femo 
in  the  drug ;  which,  though  not  possessing  the  properties  either  of  W 
acid  or  of  a  base,  is  readily  soluble  in  dilute  acids,  and  in  solatione 
of  potash,  hut  sparinjs^ly  so  iu  ammonia.   It  is  also  soluble  i' 
but  insoluble  in  ether.     It  is  fusible  at  a  temperature  coii^.  -  -^  ^. 
below  that  of  Ixjiling  water.     Aqueous  solutions  of  opium  contsiQ 
it   in  considerable   quantity,    probably    owing    to    the    free   add 
wliich    is  present  in   the  drug.       On  the  addition   of  amincmii 
it  is  precipitated  with  the  morphia  and  other   bases ;  and,  if  tbe 
Bolntion  be  heated,   the  resin  fuses;  thus   occasiomng  the  et  - 
precipitate  to  agglomerate  into  a  rcsiuoid  mass^  which  assume^ 
form  of  a  brittle  solid  on  cooling. 

(1078)  I,  MoiiPHiA  (C^^Hj^NO^j,  2  Aq). — This  ba-se  occur?  in 
combination  with  meconic,  and,  sometimes,  with  sulphuric  anil 
It  appears  to  be  the  principal  sedative  constituent  of  opium,  rf 
which  it  constitutes  from  one-tenth  to  one-sixteenth  by  weight 
In  large  doses  it  acts  as  a  powerful  narcotic  poison. 

Properties. — Morptiia  (so-called  from  Morpheus,  in  allusioo  lo 
its  narcotic  properties)  crystallizes  generally  in  short,  rectnn^'ular 
prisms,  with  two  equivalents  of  water  of  crystallization.    At  a  gfijrk 
heat  the  water  is  expelled,  and  the  alkali  melta  into   a   n^oid 
substance,   which   solidifies   into  a  radiated   crystalline   mass  tin 
cooling  :  by  a  higher  heat  it  is  decomjx>sed.       Morj^hia   is  soluble^ 
in  about  loco  times  its  weight  of  cold,  and  in  400  of  boiling  wateri 
the    solution   has   a   bitter   taste^   and  changes    the  yellow 
of  turmeric  paper  to  brown.       Boiling   ala>hol   dissolves  it   alnift-' 
dantly,  but  it  is  insoluble  in  ether.     Its  alcoholic  solution  exerts  1 
powerful  rotation  to  the  left  upon   a   ray  of  polarized  light.     TIjc 
fixed  alkalies  and  alkaline  earths,  dissolve  morphia  without  change^ 
and  deposit  it  in   crystals    as  the  solutions,  by  exposure  to 
atmosphere  absorb  carbonic    acid.      Ammonia  dissolves   it  mortil 
sparingly.       Concentrated  nitric  acid,  when   applied  to  a  crystsi^j 
either  of  moi*phia,  or  of  one  of  its  salts,  produces  a  lemon  yellow  1 
orange  colour ;  and,  ultimatelvi  oxalic  acid  is  formed.      A  mixtuie) 
of  nitric  and  sulphuric  acid  colours  morphia  green.    When  niorphi 
is  mixed  with  io<lic,  or  with  periodic  acid,  iodine  is  liberated,  whic 
may  be  recognised   by  its  brown  c^olour,  and  by  the  blue  which 
yields  on  the  adtUtion  of  a  solution  of  starcli.    A  neutral  solution  ' 
perchloride  of  iron  strikes  with  morphia  a  very  characteristic  Ud 
ColouTj  which  is  destroyed  by  an  excess  of  acid.     The  salts 
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morphia  give  no  precipitate  with  the  gallatcs^  but  a  copious  ciinly 
one  with  tannic  acid  and  its  salts.  Wlien  morphia  is  heated  to 
400°,  with  hydrate  of  potash,  an  alkaline  liquid  distils  over, 
containing  ethylia.  The  salts  of  morphia  crystallize  readily ; 
they  are  very  soluble  in  water,  and  in  alcohol,  but  arc  not  soluble 
in  ether.  They  have  a  bitter,  disagreeable  taste.  If  their  solutions 
be  mixed  with  tartaric  acid,  and  su[)crsaturated  with  bicarbonate 
of  soda,  no  precipitate  is  formed. 

Morphia  appears  to  belong  to  the  class  of  nitrile  bases ;  since, 
when  treated  with  iodide  of  ethyl,  or  with  iodide  of  methyl,  it  yields 
salts  of  ethylomorpkium,  or  of  methylomorphium,  corresi)ondiiig  to 
those  of  ammonium.  Iodide  of  methylomorphium  has  the  com^K)- 
■ition,    C„Hie  (C^Hs)  NOe,  I  (How.) 

Preparation. — Several  methods  are  in  use  for  extracting  mor- 
phia from  opium.  On  the  large  scale,  Rol)ertson's  process,  as 
modified  by  Oregory,  and  already  descrii)ed,  is  generally  adopted. 
One  of  the  simplest  and  best  plans,  if  the  operation  be  u|>on  a  smidl 
ncale^  is  that  proposed  by  Dr.  Mohr ;  it  is  founded  on  the  solu- 
bility of  morphia  in  lime  water,  and  the  insolubility  of  the  other  bases 
in  this  liquid  : — Each  pound  of  opium  is  digested  in  3  lb.  of  wat(T, 
and  boiled,  and  the  liquid  expressed  from  the  undissolved  i)orti()n, 
which  is  twice  similarly  treated  ;  \  lb.  of  lime  is  boiled  with  2  11). 
of  water^  and  the  mixed  opium  infusions  arc  ailded,  in  small  quan- 
tities at  a  time,  to  the  milk  of  lime,  which  is  kept  Ixiiliug ;  the 
liquid  is  filtered  from  the  residue  containing  undissolved  liiiu*,  and 
the  other  opium  alkalies :  this  residue  is  twice  lK)iled  up  with  fresh 
water.  The  filtered  lii^uids  are  mixed  and  eva]K)ratcd  down  to 
two  pints;  again  filtered ;  he^itcd  to  lx>iliii^,  and  one  ounce  of 
powdered  sal-ammoniac  is  added.  \\\  this  means,  the  lirne  is 
neutralised^  and  the  ammonia,  as  it  is  liberated,  is  volatilized 
at  the  high  temperature  employed  :  morphia  is  precipitated 
immediately,  and  increases  in  quantity  as  the  litjuid  cools.  The 
morphia  thus  obtained  is  of  a  deep  brown  colour.  It  is,  tlK^n*- 
forei  le-dissolved  in  hydrochloric  acid,  a<rain  tre«itcd  witli  milk 
of  lime,  and  a  second  time  precipitated  by  sal-ainmoni«'u;.  The 
alkaloid,  if  the  solution  be  dilute,  is  now  deposited  in  Ix^autit'ul 
crystals. 

The Hffdrockioraie  (QiHi^NO,;,  IKM,  6\i\)  is  the  most  imi)ort;nit 
salt  of  morphia;  it  crystallizes  in  silky  nccdh's,  and  is  n-ariily 
soluble  in  water,  especially  if  it  contain  a  little  tree  hydnx-hloric 
add.  It  is  also  freely  dissolved  I)y  alcohol.  Tint  AcHate  was 
firmerly  a  good  deal  used  in  medicine,  but  it  has  the  disadvanta^^^e 
of  being  slightly  deliquescent^  aiul  i)i  lo.sin;^  acid  \v\\eu  '\U  'jav^vviowa 


solution  is  evaporated,     llic  Snlphate  (C^Hi^TsO,^,  liO,  S0|,  J 
cry  stall  iaics  in  tufts  of  coloiirlej*8  prisms.      The    Citrate   is 
form  the  basis  of  the  sediitivc  medicine  known  under  the  uameof 
the  Black  drop. 

(1079)  ^*  CooEu  (CjcH^iNOg,  lAq;  Anderson). — Codeia  ({rotiij 
Kit^tff  a  poppy-licad)  appears,  like  morphia,  to  be  one  of  the  uit 
bases;  since,  when  treated  with   iodide   of   ethyl,  and  then  witl 
oxide  of  silver,  it  yicUls  a  powerful  alkaline  base,  of  the  ammonia 
class.       It  is  eoutained  in  opium  only  in  small  proportion,  for  I 
does  not  amount  to  more  than  from  one-fifteenth  to  one-thirtieth  1 
the  quantity  of  morphia.      It  has  a  powerful  alkaline  reaction, 
is  remarkable  as  being  soluble  in  80  parts  of  cold,  and  in  17 
boiling  water:  this  solutiou   thi'ows  down   the  oxides   of  lead, 
coj)per,  of  iron,  and  of  several  other  metals,  from  a  solution  of  < 
eidts.     If  eodeia  be  boiled  with  less  water  than  is  necessary 
its  solution,  it  melts  beneath  the  liquid  to  an  oily-looking  flail 
Codeia  crystallizes   from   its   aqueous    solution   in    l>old   rhorab 
oetohedra.      If  heated  alone,  its  hydrated  crystals  lose  2  equif 
lents  of  water  of  crystallization,  and  undergo  fusion  at  300°.      B<^ 
ether  and  alcohol  dissolve  codcia  freely :  the  ethereal  solntioD, 
spontaneous   evaporation,    yields    fine    auhydrous    prisms  of 
alkali.    Its  solutions  exert  kft-handcd  rotation  on  a  ray  of  polarii 
light.        The   caustic    alkalies    dissolve    it    hut    very     spanagl| 
when    distilled   with    ix>tash,  eodeia    yields   ammonia,    methyli 
tritylia,   and   some   oilier  compounds   still   higher  in    this    ser 
of  alcohol   huse».       The    salts   of  eodeia    are    practically    nnio 
portant  ;    tliey    have     been    carefully    examined    by     Andcr 
and  they  appear  to  have   a   powerful   narcotic  action  when    take 
medicinally  :  they  arc   not   turned   red   by  nitric  acid,  or  blue 
perchloridc  of  iron,  but  arc  pi'ccipitated  by  infusion  of  galls. 
hydrochloratc  crystallizes  with  great  facility. 

3.  Thvhaia,  or  Paramorphm  (CggH^^iNOfl). — Tins  alkali  cr 
talUzes  from  its  solution  in  alcohol  or  in  ether,  in  square  plates  of 
silvery  lustre,  which  have  a  styptici  acrid  taste.  It  is  poisonous  when 
taken  internally,  and  is  said  to  produce  tetanic  symptoms,  rcsem* 
bling  those  occasioned  by  strychnia.  Thebaia  is  iusolnble  in 
alkaline  liquids:  it  fuses  at  257'":  concentrated  sulphiuric  acid 
colours  it  of  a  deep  red  :  its  salts  do  not  cr}  stallize  readily. 

4.  Papaveru$e  (C^lL^^l^O^)  is  distinguished  from  the  other 
opium  bases  by  giving  with  concentrated  sulphuric  acid  a  deep 
blue  colour.  It  is  sparingly  soluble  in  cold  alcohol,  and  is 
deposited  from  a  hot  alcoholic  solution  in  small  confused  crystaU, 
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It  does  not  appear  to  exert  any  powerful  effect  upon  the  animal 
economy  if  taken  internally. 

(1080)  5.  Narcotine  {C^U^'SOu,  aAq;  Blyth;  Wohler).— 
The  quantity  of  narcotine  in  opium  varies  from  6  to  8  per  cent. : 
this  body  can  hardly  be  said  to  possess  alkaline  properties.  It  is 
nearly  insoluble  in  water,  but  is  finely  soluble  in  alcohol,  and  still 
more  so  in  ether ;  its  ethereal  solution,  by  spontaneous  evaporation, 
yields  it  crystallized  in  acicular  groups,  or  in  colourless,  brilliant 
right  rhombic  prisms ;  these  crystals  are  soluble  in  alcohol,  and  in 
the  fatty  and  essential  oils,  but  are  insoluble  iu  the  caustic  alka- 
lies. Solutions  of  narcotine  exert  a  powerful  left-handed  rota- 
tion upon  polarized  light :  when  the  solution  is  acidulated,  this 
rotatory  power  is  reversed,  and  becomes  right-handed.  At  340"* 
narcotine  fuses,  and  loses  water,  and  by  a  higher  temperature  it  is 
decomposed.  Acids  dissolve  it  freely,  but  the  solutions  are  decom- 
posed by  the  addition  of  a  large  bulk  of  water  :  they  are  precipi- 
tated of  a  bright  yellow  on  the  addition  of  infusion  of  galls.  A 
mixture  of  concentrated  sulphuric  and  nitric  acids  produces  a 
blood-red  colour  with  narcotine  and  its  compoimds.  Narcotine 
is  less  active  as  a  poison  than  morphia  ;  but,  when  administered  to  a 
d(^  in  a  dose  of  23  grains,  it  speedily  produced  death.  The  salts 
of  narcotine  have  a  more  bitter  taste  than  those  of  morphia :  the 
chloride  and  acetate  crystallize  with  difficulty  :  most  of  its  other 
salts  form  gummy  compounds,  which  do  not  crystallize.  The 
double  salts  with  bichloride  of  platinum,  and  terchloride  of  gold, 
are,  however,  easily  procured  in  crystalline  scales.  Allusion  has 
already  been  made  to  Werthcim^s  discovery  of  three  homologous 
forms  of  narcotine  (1076).  These  different  varieties  of  narcotine 
greatly  resemble  one  another  in  character  and  properties,  and  are 
separated  from  each  other  with  great  difficulty.  Narcotine  is  con- 
tained largely  in  the  portion  of  opium  which  remains  undissolved 
when  treated  with  water.  If  this  residue  be  digested  with  acetic 
acid,  and  the  solution  be  supersaturated  with  ammonia,  narcotine 
mixed  with  colouring  matter  is  thrown  down  :  it  may  afterwards 
be  purified  by  solution  in  alcohol,  and  treatment  with  animal 
charcoal.  If  any  of  the  acid  solutions  of  narcotine  be  saturated 
with  chloride  of  sodium,  the  liquid  becomes  turbid,  and  the  nar- 
cotine is  deposited  in  the  course  of  a  few  days,  in  crystalline 
masses.  This  property  has  sometimes  been  taken  advantage  of, 
in  the  separation  of  narcotine  from  morphia. 

Narcotine,  under  the  oxidizing  influence  of  bichloride  of  platinum 
or  of  peroxide  of  manganese,  is  decomposed^  and  gives  rise  to  some 


«gi  fmOCtm  ttW  THE    OXIDATION*    Of    NAECOTINB. 

^1  ,|,|r  rp- j>**m^g  (Wohler;  Blyth,  Liehig  AnnaU  h,  i  and 

»*i'AiiAw»,  7>^<w'*  ^^^'  ^'^^'^  ^^ '  ^^-  359)-     ^*^  appears  to  split 
hiio  «  ^^  ^'■^'  termed  cotarnim^  and  into  opianyl,  or  into 
]j^iicts  uliirh  are  tiie  result  of  tlie  decomposition  of  o[jianyl ; — 

If  lie  fffiii***^  l>^  more  energetic,  the  cotarnine  is  broken  up 
jflto  _^fi#fftV  <»«^  (HO,  Cji-HflNOg),  and  ethylia;  wHUt  the 
0gJ^Ki  rid^  opianic  and  hemipinic  aeida  : — 

Ofi«w^.  OpiimJo  Add.  Hemipiiiio  Add. 

J    -j-    60    =    no,  Cj^HA    +    3H0,  C^H,0^„. 

,iu^  eontaiiis  all  tlie  nitrogen  of  the  narcotine.    It  forms 

f»ai«t  ^%.i  ular  crystals,  wliicli   are  sparingly  dissolved  by  water^ 

^%i^«  solution  of  potash;  but  they  are  freely  soluble  in  alcohol^ 

ul  solution  of  ammonia.      Cotarnine   is  readily  obtained 

,,     .....ly;   a  solution   of  narcotine  in  hydrocliloric  aeid,  with  hi- 

I  I  .rK^cof  platinum  :  the  liquid  becomes  of  a  deep  blood -red  colour, 

tystals  of  the  bichloride  of  platinum  and  hydrocblorate 

,„uiUic  (C^ijIIiaNOg^  IlCl  +    Pt  Clj,)  are  deposited:  the  base 

^t^ty  procured  by  decomposing  this  salt  with  an  alkc-di. 

\%  Hill  be  unnecessary  to  enter  into  any  minute  deseriptiou  of 

>|*opcrties  of  the  various  products  obtained  by  the  oxidation  of 

^^vtine^"^  for  they  present  but  little  intrinsic  interest,  although  a 

l^rtwrlcdge  of  their  eompcisitiou,  and  of  the  mode  of  their  formation, 

^♦wentiiU  towards  the  explanation  of  the  rational  composition  of 

^  irfoup  of  alkaloids  contained  in  opium.  It  would,  for  example,  be 

llj|(ft*t*ting,  to  enquire  whether  the  diflbrent  varieties  of  narcotine 

.:^'W  a  tliflcrent  alkali  by  oxidation  :  whether,  in  fact,  as  is  probable, 

V  arc  di(fcrcnt  varieties  of  cotarnine,  into  the  compositioQ  of 

,  !i  mctliyl^  ethyl,  and  trityl  enter  ;  and  whether  the  colligate, 

^-^ayl,  remiiins  unchanged  tlirougliout  tlic  series. 

(J,  Opiamji,  or  Mecomne  [il^^HiJ^^  may  not  only  be  formed  by 
^oxidation  of  narcotine,  but  it  exists  in  opium,  in  small  quau- 
^[^^  Thi^s  substance  docs  not  possess  basic  properties  :  it  is  freely 
^ll^hle  in  l>oiiing  water,  and  crystalhzes  in  white, inodorous,  six-sided 
I0^  which  are  sparingly  soluble  in  cold  water,  but  are  readBy 
Ived  by  alcohol,  and  ether.  It  fuses  at  194°  (230",  Anderson)^ 
^  may  he  distilled  without  alteration.  It  is  soluble  in  conoen- 
^^^  aulphnric  acid,  and  the  liquid  becomes  purple  when  gently 


•  For  dctaila  upoa  this  subject^   vide  Anderson^  Wuhler,  and  Blyth^ 
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heated.  Gerhardt  considers  this  body  as  a  hydride  of  opianyl,  which 
stands  in  the  same  relation  to  opianic  acid,  that  oil  of  bitter  almonds 
does  to  benzoic  acid  (Gerhardt's  opianyl*  being  CjoH^GJ  ;  thus  : — 

Hrdride  of  BcMoyl,  or  Bensoio  Acid. 

Oil  of  Bitter  Almondi. 

H       )  '  H       5"»     • 

Hjdrideof  OpiAojL  Opimnio  Acid. 


H       3  '  H       j^«     • 

Gerhardt^s  opianyl  (CaoHgOy)  also  appears  to  enter  into  the  forma- 
tion of  two  remarkable  compounds,  derived  from  ammonia,  which 
present  the  composition  of  amides.  Anderson  has  termed  them, 
respectively,  opiammon  and  terapiammon :  neither  of  them  possesses 
basic  characters. 

Opiammon.  ^jo^t^s  )  obtained  by  evaporatinflr 

, * ,       =      C^HjOg   >  N  ;  a  solution  of  opiauate 

C^gHjjNOj,  H        )  of  ammonia. 

Taropiammoii.  ^30^9^8  )  obtained  bj  the  action 

, • .        =      CjoH^O^  S  N,  a  HO  ;  of  dilute  nitric  acid 

C,o^st^^s6  ^ttflfis  )  upon  narcotine. 

In  certain  cases,  when  the  oxidation  of  the  narcotine  was  in- 
complete, a  peculiar  platinum  salt  was  obtained  by  Blyth,  which  he 
believed  to  contain  a  base  termed  narcogenine  (CyjHjgNjOgo),  ^^^ 
which  he  was  unable  to  isolate;  since  immediately  that  it  is  liberated 
from  its  combinations,  it  breaks  up  into  narcotine  and  cotaminc  : — 

Naroogenine.  Cotamine.  NarootiiM. 


(io8i)  7.  Narceia,  or  Narceine, — Two  substances  appear  to 
haye  been  described  under  this  name ;  one  of  these,  obtained  by 
Pelletier,  having  the  composition  (C32H19NO10) ;  the  other  examined 
by  Anderson,  being  (C4eH29NOiJ.  The  latter  is  a  feeble  base, 
which  is  soluble  in  boiling  water,  and  crystallizes  from  a  hot 
solution  as  it  cools,  in  delicate  silky  needles,  which  arc  soluble  in 
alcohol,  but  insoluble  in  ether :  at  197°  it  fuses,  and,  at  a  some- 
what higher  temperature  it  Ijecomes  decomposed.  It  combines 
with  the  dilute  acids,  forming  crystallizablc  salts.  Concentrated 
sulphuric  acid  dissolves  narceine  with  an  intense  red  colour,  which, 
when  gently  heated,  passes  into  green.  Iodine  colours  the  base 
of  a  deep  blue,  which  disappears  on  the  addition  of  an  alkali. 

•  This  practice  of  employine  terms  already  appropriated  to  previously 
ram  snbtlanoes,  to  indicate  other  compound*,  is  greaUy  to  be  deprecated. 


I 
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(c)  Aikaii  obtained  from  the  Pepper  tribe. 

(1082)  Piperine  (CngHjgNjOjj?). — ^TJiis  is  a  substance 
of  feeble  basic  i>roperties.     It   is  found   in   the    commoo  m\ 
and   black   pepper,  and  in  long   jK-pper.       White    pepper 
yields  it    when   ti'cated   witli   alcohol^   which  extracts  a 
matter  with  the  piperine,  from  which  the  latter  may  be  freed 
digestion  in  a  solution  of  potash  :  the  piperine  which  remains 
Bolved  is  recrystallized  from  alcohol,  and  furnishes  colourless  ] 
which  arc  fiisible  at  a  ia°.  Piperine  is  nearly  insoluble  in  cold  wi 
it  has  an  acrid  taste,  resembling  that  of  pepper  :  the  hydrochi 
is  its  most  stable  salt.       Concentrated   sulphuric    acid   diasol 
piperine,  with  a  red  colour ;  but  the  base  is  precipitated  uuchaDj 
on  dilution  with  water.       Nitric  acid  acts  powerfully  on  pi 
develt>ping  an  odour  of  liittcf  almonds,  whilst  a  brown  resin 
to  the  surface.      On  evaporating  the  solution  to  dryness,  a  bro 
residue  is  left,  which,  wben  treated  with  potash  yields  a  mag:nificej 
blood-red  liquid;  and,  on  distilling  this  mixture  it  furnishes /?i/j 
cftiw,  which  is  a  powerfully  alkaline  base.     The  same  base  is 
obtained  when  piperine  is  distilled  with  three  times  its  weight  of  h 
drate  of  potash,  at  a  temperature  not  exceeding  320°.    The  pii)eri(l 

■  (CjoHjiN),   being  volatile,  passes    over,  and  a  yellow, 
aisotizcd  acid  remains  in  combination  with  the  potash. 

Piptridine  (Ci,>HnN  =  CioH^o,  H,  N)  Sp.  gr.  of  vapour  2-98 
— Tliis  is  a  remarkable  ody  base,  with  a  pungent  odour,  reeaUii 
both  that  of  ammonia,   and   that  of  pepper:    it    boils    at  aboi 
2  23^      It  resembles  ammonia  in  alkaline  power,  and  precipitat 
many    metallic    oxides    from    their    salts.        It    combines    wii 
the    acids,     neutralizing    them,    and    forming     well    crystalli 
salts:  with  cyanic   acid  it  forms  a  compound  urea, />i/iery /*«/*«* j 
and,  if  heated  with   cyanic  ether,  piperidinc  forms  a   compoi 
termed  ethyl-piperyl-urea, 

■  Urea IItN2,C,0a 

■  Pipcryl-nrea     ....     H,(CioHio)  ^aAO, 
^K         Ethyl-piperyl-urca      .     .      II,  C,Hs  tCioHi,,)  N^C,Oj 

■  One  of  the  equivalents  of  hydrogen  in  piperidine  may  be  u. 

■  placed  by  ethyl  or   by  methyl,  on  treating  the  base  with  iodide 
ethyl  or  of  methyl ;  and  etliyl-pipcridine,  by   treatment  with  u^ 
additional  quantity  of  the  hydriodic  ether,  yields  the  iodide  of  an 

k  ethyl  base  corresponding  to  tetrethyliura. 
CapHcine  is  the  name  given  to  an  alkaloid  obtained  from  tho 
Cayenne  pepper*     It  has  a  burning  taste;  and  as  usually  prepared^ 
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it  presents  a  resinous  appearance ;  but,  when  quite  pure,  it  may 
be  crystallized.  It  forms  crystallizablc  salts  with  acetic^  nitric,  aiul 
sulphuric  acids. 

(rf)  Alkaloids  from  the  Strychnos  tribe. 

(1083)  The  fruit  and  bark  of  the  Strychnos  nux  vomica,  and 
other  parts  of  several  plants  of  this  tril>c,  particularly  the  seeds  of 
the  strychnos  ignatii,  contain  two  alkalies  closely  related  to  each 
other :  both  of  them  act  as  powcriul  poisons  on  the  living  frame, 
and  speedily  occasion  death,  amid  violent  tetanic  convulsions  : 
these  bases  are  strychnia  and  bruria.  They  contain  2  equivalents 
of  nitrc^en  in  each  equivalent  of  base.  In  the  nux  vomica  they 
occur  in  combination  with  lactic  acid,  and  a  peculiar  vegetable 
acid.  In  order  to  extract  them  from  this  fruit,  the  following 
method  may  be  adopted : — The  ras|)ed  seeds  arc  boiled  with  4 
times  their  weight  of  alcohol,  acidulated  with  i  per  cent,  of  sul. 
phuric  acid.  The  alcoholic  li(|uid  is  neutralized  with  lime  in  slight 
excess :  the  acid  and  colouring  matters  are  thus  precipitated,  whilst 
the  bases  remain  in  solution  ;  the  alcohol  is  distilled  off,  and  the 
residue  treated  with  acidulated  water,  from  which,  on  the  addition 
of  ammonia,  the  strychnia  and  brucia  arc  ])rccipitated.  The  two 
alkalies  are  separated  by  converting  them  into  nitrates,  and  crystal- 
lizing ;  the  nitrate  of  strychnia,  being  the  loiLst  soluble  of  the  two, 
is  first  deposited.  Both  strychnia  and  brucia  exert  a  left-handed 
rotatory  effect  upon  a  ray  of  polarized  light ;  but  the  rotatory 
power  of  strychnia  is  twi(*e  as  great  as  that  of  brucia. 

(1084)  Strychnia  (CiglL^aN^OJ  is  contained  in  the  St.  Igna- 
tius' bean,  to  the  extent  of  nearly  1 1  per  cent. ;  and  it  is  one  of 
the  active  constituents  of  the  upas  poison.  Strychnia  is  one  of 
the  most  powerful  of  the  vegetable  bases;  it  precipitates  many 
metallic  oxides  from  their  salts,  either  completely  or  partially :  in 
the  latter,  case,  it  forms  double  salts, — such  as  the  double  sulphate 
of  strychnia  and  copper,  which  crystallizes  in  long  green  needles. 
Strychnia  crystallizes  from  dilute  alcohol,  in  white  anhydrous 
octohedra,  or  in  square  prisms,  which  do  not  fuse  on  the  ai)plica- 
tion  of  heat.  It  is  insoluble  in  a])solute  alcohol,  ether,  and  the 
caustic  alkalies ;  but  it  is  soluble  in  the  essential  oils,  and  in  chloro- 
form. Cold  water  does  not  dissolve  more  of  it  than  yuVoth  of  its 
weight ;  but  this  solution,  even  when  diluted  with  100  parts  of 
water,  still  possesses  a  distinctly  bitter  taste.  If  distilled  with 
hydrate  of  potash,  strychnia,  like  cinchonia  and  quinia,  yields  the 
oOy  base  quiuoline.  A  portion  of  the  hydrogen  in  strychnia  may 
be   displaced   by  chlorine  or  by  bromine,  and   the   body  thus 
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o1)taiiicd  &tiU  rctaiuB  basic  propertica.  Strychnia,  when  tritu* 
r&tcd  with  ickUuc,  forms  a  peculiar  crystalline  cx>ii]poand» 
which  m  soluble  in  alcohol,  and  yields  orange-ooloured  scilet 
2  (C^^lIg^NjOJ  Igj  from  which  the  acids  separate  strychnia,  unal- 
tered* This  compound  is  analogous  to  those  which  ioditi* 
yields  with  the  opium  bases  (1076).  Strychnia,  when  pure,  w 
turned  yellow  by  concentrated  nitric  acid,  and  yields  a  nitrate  of  1 
new  substitution  base,  nitrostr^xhnia.  If  brucia  be  present  witi 
the  strychnia,  a«  is  usual  in  most  commercial  specimens,  tht 
colour  produced  by  nitric  acid  is  deep  orange,  or  rcxi,  With 
iotlide  of  ethyl,  strychnia  yields  the  iodide  of  elhylostiyc/mmM 
(^n^hv  ^4^^5t  N3O4  I),  from  which  oxide  of  silver  sepantcs  1 
hydrated  oxide  of  an  ammonium  base  (C 421122*  ^i^&f  ^JO^  HO), 
which  is  crystal lisiable :  strychnia  is  therefore  a  nitrile  base. 

Sails  of  strychnia. — Sulphuric  acid  forms  a  neutral  and  an  acid 
salt  with  strychnia;  the  crysUds  of  the  neutral  sulphate  (C^jHjjN/)^. 
HO,  SO3,  7  Aq)  are  square  prisms.  Solutions  of  the  hslUk  U 
strychnia  yield  a  precipitate  witli  infusion  of  galls.  If  a  sligitf 
excess  of  tartaric  acid  be  added  to  the  solution  of  a  luJt  of 
Btrychnia,  and  then  one  of  bicarbonate  of  soda  or  potash,  the  stry 
nia  is  gradually  deposited  in  crystals.  A  solution  which  doca  in 
contain  less  than  sfjth  its  weight  of  the  base  ^ves  on  the  additi 
of  a  strong  solution  of  sulphocyanide  of  potassium,  tufts  of  crv'si 
after  the  lapse  of  a  few  miimtes.  A  minute  quantity  of  strrc! 
nia  with  cotieeutratcd  sulphuric  acid,  and  a  fragment  of  pcrojtii 
of  lead,  or  what  is  still  better,  of  bichromate  of  potasli,  gircs 
beautiful  violet  tint,  which  gradually  fades  into  a  pale  rose  cobi 
other  oxidisiing  agents  produce  a  similar  effect.  With  solution  of 
perehloridc  of  gold,  salts  of  strychnia  give  a  bright  blue  colour* 
The  presence  of  strychnia  may  be  detected  in  very  minute  quautitieB 
of  complicated  organic  liquids,  by  renderiug  them  alkaline  wstl^^ 
pota&h,  aud  agitating  thoroughly  with  a  few  drachms  of  chloro^fl 
form ;  the  chloroform  dissolves  the  strychnia,  and  leaves  it  in  the 
solid  form  on  evaporation ;  from  this  residue  it  may  be  extracted 
by  dilute  hythochloric  acid ;  and  it  may  al'terwards  be  auhmitted 
to  the  usual  tests. 

(1083)   Brucia  {^i^Mir^tO^,  8  Aq ;  Regnaidt)  is  more  solwbl 
in  water,  and  in  strong  alcohol,  than  strychnia.    This  alkali  is 
tained  in  jiiix  vomica  in  larger  quantity  than   strychnia.      It 
also  ])c  readily  obtained  from  the  false  angustnra  bark,  which  docj 
not  appear  to  contain   any  strychnia,   but  furnishes  brucia   m« 
abundantly  than  the  beans  of  the  nux  vomica,     Brucia  cryst 
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in  colourless,  transparent,  oblique,  rhombic  prisms,  which  are 
insoluble  in  ether.  Brucia  melts  readily  on  the  application  of  heat, 
and  loses  its  water  of  crystallization.  It  is  less  active  as  a  poison 
than  strychnia.  Its  salts  have  a  bitter  taste,  and  may  be  distin- 
guished from  those  of  strychnia,  after  they  have  been  mixed  with 
tartaric  acid,  by  not  yielding  any  precipitate  on  the  addition  of  bicar- 
bonate of  soda.  This  base  is  further  distinguished  from  strychnia 
by  the  bright  scarlet  colour  gradually  passing  into  yellow,  which 
brucia  or  any  of  its  salts  gives  with  nitric  acid ;  if  a  little  proto- 
chloride  of  tin  be  added,  a  beautiful  violet  colour  is  produced. 
The  action  of  nitric  acid  upon  brucia  is  attended  with  the 
production  of  definite  results,  from  which  it  api)ears  probable 
that  methyl  enters  into  the  comi)osition  of  this  base.  When  the 
concentrated  acid  is  poured  upon  brucia,  the  mixture  assumes  a 
deep  red  colour,  becomes  hot,  and  emits  a  colourless  gas,  which 
has  the  peculiar  smell  of  apples,  and  a  portion  of  which  is  soluble 
in  water  and  in  alcohol.  This  gas  consists  of  a  mixture  of  nitrite 
of  methyl  with  binoxide  of  nitrogen  and  carbonic  acid,  the 
carbonic  acid  being  the  secondary  result  of  the  decomposition  of 
oxalic  acid,  which  is  found  in  the  liquid,  accompanied  by  a  new 
substance  termed  cacotheline ;  this  body  is  a  nitro-substitution 
compound,  of  feeble  basic  properties.  Strcckcr  represents  the 
action  of  nitric  acid  upon  brucia  by  the  following  equation : — 

Bracm.  17itrio  Acid.       IfitriU  of  Hetbjl.    Oxalic  Acid.  Cacoth«lin6. 

-f  3N0,  -f  4  no. 

A  further  proof  of  the  presence  of  methyl  in  brucia  is  found 
in  the  fsEtct,  that  when  this  base  is  distilled  with  dilute  sulphuric 
acid  and  peroxide  of  manganese,  or  with  chromate  of  potash  and 
sulphuric  acid,  formic  and  carbonic  acids  arc  produced,  and  an 
inflammable  liquid  passes  over,  burning  with  a  blue  flame,  and 
presenting  the  properties  of  wood  spirit. 

Igasurine. — ^This  name  has  been  given  to  a  third  alknli, 
recently  discovered  in  nux  vomica.  It  is  more  soluble  in 
water  than  either  strychnia  or  brucia.  The  woorara  i)oison  of 
South  America  appears  to  be  obtained  from  a  plant  of  the 
strychnos  tribe ;  it  acts  as  a  fatal  poison  if  introduced  into  the 
blood  by  a  wound,  but  it  may  be  swallowed  with  impunity. 

{e)  Other  less  known  Bases. 
(1086)  Tlie  bulbs  of  the  colchicum  auiumnak,  and  the  roots 
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and  seeds  of  different  speeies  of  vtratrum  contain  several  al 
the  most  important  of  which,  verairia,   has  been   employed  medi 
cinally.   Ytratria  {Ct,|!l6^NjjOc  ;  Merck)  occiirs  principally  in  combi- 
nation with  gallic  acid;  it  is  an  extremely  acrid  and  violent  poi 
producing  dangerons  fits  of  sneezing  if  it  come  in  contact,  eircn 
mi  mite  quantity,  with  the  mucous  membrane  of  the  nose.     Il 
as  a  valuable  sedative  in  some  cases  of  neuralgia  if  applied  ia 
form  of  oiiitment  to  the  surface  of  the  body,      Veratria  is  ahn 
insoluble  in  water  and  in  alkaline  solutions ;   alcohol   dissolves 
freely,  and  deposits  it  by  spontaneous  evaporation  in  long  deli< 
needles*      Etlter  dissolves  it  with  difficulty ;   fuming  sulphuric 
colours  it  yellow,  then  blood-red,  and  lastly,   violet.      Nitric 
strikes  with  it  a  red  which  after  a  time  becomes   yellow.     Three 
other  poisonous  bases,  sabadiilia,  colchicia,  and  jervia,  are  fouttJ, 
along  with  veratria,  in   the   veratrum    alhumj  or    white    hellebore. 
Jervia  {CeoH^Nj^Og,  4  aq)  is  white,  crystalline,  and  fusible. 

Aconittna  is  another  intensely  poisonous  alkaloid,  which 
employed  medicinally,  but  the  composition  of  which  is  uncertaii 
it  is  obtained  from  various  species  of  monkshood  or  aconite, 
crystallizes  with  ditRculty,  and  is  more  soluble  in  water  than  most 
of  these  bases  \  it  is  dissolved  easily  by  alcohol  and  ether.  These 
solutions  have  a  powerfully  alkaline  reaction ;  and  the  base  forms 
perfectly  neutral  salts,  which  when  moistened  with  eonoentrated 
sulphuric  acid  acquire  a  colour  which  at  tirst  is  yeUowiah,  aad 
then  becomes  of  a  iWrij  violet  red. 

[Many  of  the  solauacefn  and  nmbeUifercd  contain  alkaloids.  Tb^J 
henbane  [hjoscijamn^  '''^^'")  atid  both  the  common  and  the  deadlj^l 
nightshade  (aoianitm  dulcamara^  and  afropa  beiladctnna)  owe  theif^^ 
poisonous  qualities  to  compounds  of  this  kind. 

Airopia  {C^Il^^NO^ ;  Planta)  crj^stallizes  in  colourless   silky 
needles,  which  are  freely  soluble  in  alcohol  and  in  chloroform,  b 
less  so  in  ether.      The  crystals  fuse  at  1 94^,  and  undergo  su 
tion  and  partial  decomposition  at  284"*.      Solutions  of  atropia 
speedily  altered  by  evaporation  when  exposed  to  the  atraosphe; 
Atropia  is  present  in  all  parts  of  the  belladonna,  but  is  commoulj 
extracted  from  the  root.     It  appears  to  be  identical  with  rffl/«; 
the  active  principle  contained  in  the  seeds  of  the  datura  strmnonii 
The   salts  of  atropia    are    bitter,   acrid,    and    highly    poison 
producing  a  remarkable  dilatation  of  the  pupil  of  the  eye. 

In  addition  to  these  bases  two  others  may  be  mentione<l,  ri; 
hartnaiine  and  hurmhie,  which  are  found  probably  combined  wi 
phosphoric  acid,  in  the  seeds  of  the  peganum  harmala, 
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extensively  grown  m  Soutlicm  Russia.  It  is  used  in  dyeing 
silk,  to  which  it  imparts  various  shades  of  pink,  rose,  or  retl. 
Hartnaiine  (Cj^Hj^N^O^)  when  pure  crystallizes  in  colourless 
prisms,  Ijut  they  generally  retain  a  hrownisli  yellow  tint,  and  tin^e 
the  saliva  yellow.  It  has  a  bitter,  astringent,  acrid  taste ;  it  is 
freely  soluble  in  alcohol,  but  sparingly  so  in  water  and  in  ether. 
It  is  fusible  and  volatile ;  with  acids  it  forms  yellow,  very  soluble, 
crystallizable  salts.  Oxidizing  agents  transform  it  into  a  red 
colouring  matter  which  combines  with  acids,  forming  salts  which 
constitute  the  basis  of  the  harmala  red  of  comnicree.  Harma- 
line  contains  two  equivalents  more  of  hydrogen  than  harmine 
(CggHi^NgO^),  into  which  it  may  be  converted  by  oxidation :  bar- 
mine  crystallizes  in  long  delicate  prisms ;  it  forms  colourless  salts, 
which  are  quite  neutnd. 

Emetia,  the  active  principle  of  ipecacuanha,  also  pOAsettes  the 
properties  of  a  feeble  base  :  it  is  nearly  insoluble  in  water  and  in 
ether, but  is  readily  soluble  in  alcohol  and  in  dilute  acids j  chloroform 
also  dissolves  it  with  facility.  It  is  a  powerful  poison,  and  acts  as 
a  violent  emetic  in  doses  of  the  one-sixteenth  of  a  grain  or  less. 
It  fuses  readily, and  is  accompanied  in  the  ipecacuanha  root  by  a  large 
proportion  of  oily  matter,  which  emits  a  feeble  odour  of  tobacco  when 
heated.  The  base  is  easily  obtained  by  treating  t!ic  alcoholic 
extract  of  the  root  with  dilute  sulphuric  acid,  filtering  from  the 
oily  matter,  and  after  slightly  supersaturating  the  solutiou  with 
ammonia,  agitating  the  turbid  liffuid  with  chloroform.  On  eva- 
porating the  cidoroform,  the  emetia  is  left  as  a  yellowish  resinous- 
looking  mass.  It  may  be  purified  by  conversion  into  a  salt,  and 
digesting  its  solution  with  a  small  quantity  of  animal  charcoal ; 
on  adding  an  alkali  to  the  filtered  liquid  the  cmetia  is  precipitated. 
The  salts  of  emetia  do  not  readily  crystallize. 

(/)  Alkaloid  of  Coffee  and  Tea, 

(1087)  Caffeine  or  Theine  (CiuHn^NiO^,  a  aq). — This  sub- 
stance occurs  in  tea^  in  coflee,  and  in  mat^^  a  shnib  used  by 
the  natives  of  Paraguay  and  a  large  number  of  the  inhabitants  of 
South  America,  for  making  an  infusion  which  they  substitute  for 
tea.  It  is  also  contained  to  the  extent  of  j  per  cent.  (Stenhouse) 
in  f^uarana,  an  astringent  species  of  chocolate  pre[>ared  from  the 
fruit  of  the  pauiiinia  sorhilis.  Tea  appears  to  contain  from  2  to 
4  per  cent,  of  catieine  (Pcligot),  but  the  quantity  of  it  in  coftee, 
according  to  Stenhouse,  seldom  exceeds  1  per  cent. 

Cafleine  is  easily  obtained  from  tea  by  making  a  strong  iiifu- 
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by  two  equivalents  of  nietbyl,  and  cliolestroplian  bears  a  similar 
relation  to  parabauic  acid:— 

AUoiantin C^H^NPio  =  CJIaN^Os,  2HO 

Amalic  acid  (dimethyl- alloxan  tin)  CslI(C2H3).N20j^ 

Parabauic  acid  ......  2  HO,  CeKp^  =  CfiH^N^Oe 

Choleatroplian  (dime thy lo-para- 1  n  /n  u  \  xr  n 

baiiicacid)    .....    j  ^«i<-3ll3)2^M 

Amalic  acid  also  possessca  the  property,  like  alloxantin,  of 
staining  the  fingers  pinkj  and  if  exposed  to  the  vapour  of  am- 
monia, it  produces  a  compound  homologous  with  murexid,  which 
like  the  hitter  corajxniiid,  is  distinguished  by  its  magnificent 
purple  colour ; — 


Murexid Cg^HigNioOi^ 

Cafleo-murexid CigHa^Nj^Oi^ 


rin  the  latter  case  the  difference  between  the  two  compounds  is 
3  (C4HJ,  because  murexid  is  the  result  of  a  reaction  of  ammonia 
upon  three  equivalents  of  alloxan  tin,  and  catleo-murexid  in  like 
manner  is  derived  from  three  equivalents  of  amalic  acid. 
(1088)  Chemical  and  dietetic  ckaraclers  of  Coffee  and  Tea. — 
Caffeine  is  a  compound  which  presents  a  high  degree  of  interest 
both  from  the  metamorphoses  of  which  it  is  susceptible,  and  from 
the  circumstance  that  it  forms  an  ingredient  in  three  substances, 
namely >  tea,  coffee,  and  a  tlurd  substance  of  less  importance,  maii 

I  (or  Paraguay  tea,  obtained  from  the  /te  PQragttatjeiuis)^  one  or 
other  of  which  constitutes  a  portion  of  the  daily  diet  of  three- 
four  tlis  of  t!ie  human  race.  The  circumstance  that  these  different 
shrubs  shoultl  have  been  selected  by  different  nations,  for  the 
purpose  of  yielding  a  beverage,  when  infused  with  boiling  water^ 
shows   that   tlie    ingredient  which    they  furnish   is  one  which  is 

I  adapted  in  a  special  manner  to  some  craving  of  the  human  frame. 
Although  these  bodies  differ  so  widely  in  flavour,  they  all  contain 
the  same  azotised  principle,  the  physiological  effects  of  which  have 
not  been  submitted  to  the  detailed  examination  wliich  they  well 
dcser\^e,  Tiie  best  series  of  experiments  u]^>on  this  point  are  due 
to  Julias  Lehmann,  who  watched  for  some  weeks  the  effects  of 
roasted  coffee,  as  well  as  of  its  essential  od,  and  of  caffeine,  upon 
two  individuals  in  good  health  (Liebig's  AnnaL  Ixxxvii.  205)*  The 
use  of  cofl'ee  as  an  article  of  diet  appears  to  exercise  an  important 
influence  in  retarding  the  waste  of  the  tissues  of  the  body ;  since 
it  was  found  that  during  its  use,  the  proportion  of  phosphoric  acid 
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unci  of  urea  excreted  by  the  kidneys,  was  much  smaller  fT 
the  eoflee  was  omitted,  the  diet  l^ein^  in  all  other  resper  ne 

in  lx>lh  caaes*  Thus,  it  wsa  fouud  that  when  an  infusion  of  three- 
qiiarters  of  an  ounce  of  roasted  eoflbe  berries  was  taken  daily  fcir  i 
fortnight,  the  ftverage  proportion  of  urea  aud  of  phoaphoric  acid 
which  passed  otf  by  the  kidneys  in  24  hours,  was  lesa  by  one- 
thiitl  than  it  was  during  a  similar  period  in  which  the  coffee  wm 
omitted.  The  empyreumatic  oil  of  the  coffee  was  found  to  exert  a 
fitimulatiug  effect  upon  the  nervous  system.  When  too  lai^e  a  quan- 
tity of  this  essential  oil  was  taken  it  produced  loss  of  sleep,  ner- 
vous excitement,  and  symptoms  of  congestion  of  the  brain*  la 
sinalhT  quantities  it  produced  a  gentle  perspiration,  remoTed  the 
sensation  of  hunger,  and  acted  upon  the  bowels  as  a  laxative.  It 
likewise  reduced  the  aniouut  of  urea  and  of  phosphoric  acid  iathe 
urine.  It  was  also  concluded  from  the  production  of  aimilaf 
alterations  in  the  quality  of  the  urine,  when  a  solution  of  pure 
caffeine  was  substituted  for  the  ordinary  infusion  of  coffee^  thit 
caffeine  likewise  exerted  a  power  of  retarding  the  disintegratioQ 
of  the  constituents  of  the  animal  fmrae. 

Tea,  coffee,  and  the  Paraguay  tea*plantp  in  the  form  in  which 
they  are  used  dietetically,  all  contain  the  following  principles : — 
1.  Caffeine.  2.  One  of  the  forms  of  tannic  acid,  3,  An  aromatic 
essential  oil,  which  is  different  in  each  plant,  aud  is  the  maincatiac 
of  their  different  and  peculiar  flavoiu^s. 

ConstHuerUs  of  Coffee. — ^\lleu  the  coffee  berry  is  first  gathcrred 
and  dried  in  the  air,  it  has  but  little  fragrance,  and  only  a 
sliglitly  bitter  and  a^^tringent  taste.  The  raw  coffee  berry  i* 
hanl  and  horny  ;  it  swells  up  with  difficulty  even  when  heated  with 
lioiling  water ;  it  containf^  in  its  green  state  alx>ut  the  same  quan- 
tity of  soluble  matter  as  after  it  has  been  roasted ;  but  the 
amount  varies  greatly  in  diflcrent  sjiccimens. 

Coffee  swells  considerably  during  roasting,  the  increase  in 
volume  araomitiog  to  one-third  or  even  to  one-half  of  its  origin&l 
bulk ;  at  the  same  time  it  loses  in  weight  to  an  extent  rarriag 
from  15  to  25  per  cent,  upon  the  weight  of  the  berries  befoftJ 
ixiasting ;  the  amount  of  this  loss  depending  uik>u  the  extent  tu 
which  the  roasting  is  carried.  The  roasting  should  be  stopped  ia 
soon  as  the  berry  has  liecome  friable.  Tlie  agreeable  bitter 
aromatic  taste  of  coffee  is  developed  during  this  operation.  It  is 
worthy  of  remark  that  inferior  coftec  betHjme^  impmved  in  quality 
by  keeping,  and  if  roasted  idTkcr  it  has  been  kept  for  some  years, 
it  yields  an  infusion  of  a  finer  flavour  than  if  roasted  immediate^ 
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after  it  had  been  gathered.  Both  the  essential  oil  and  the  bitter 
flavour  are  developed  from  one  of  the  soluble  constituents  of  the 
berry,  since  the  aqueous  extract  of  the  raw  berry  when  roasted 
acquires  the  full  odour  and  taste  of  coffee.  The  proportion  of  this 
aromatic  oil  in  roasted  coffee  is  very  minute ;  not  exceeding, 
according  to  Payen,  one  five-thousandth  of  the  weight  of  the 
coffee.  Coffee  also  contains  a  considerable  quantity  of  fixed  oil. 
The  astringent  acid,  caffeic  acid,  as  it  has  been  termed,  constitutes 
about  5  per  cent,  of  the  dry  berry  :  it  does  not  blacken  the  solu- 
tion of  protosulphate  of  iron,  but  turns  it  green,  and  it  does  not 
precipitate  solutions  of  gelatin ;  it  is  dissolved  by  strong  sulphuric 
acid  and  produces  a  red  liquid.  When  exposed  to  the  air  in  contact 
with  alkalies,  caffeic  acid  absorbs  oxygen  and  forms  a  yellow 
insoluble  resin.  A  peculiar  reaction  occurs  with  caffeic  acid  when 
its  solution  is  heated  with  four  times  its  weight  of  black  oxide  of 
manganese,  and  one  part  of  oil  of  vitriol  diluted  with  an  equal 
bulk  of  water.  Yellow  crystals  of  kinone  (1127)  are  deposited 
upon  the  neck  and  sides  of  the  retort,  and  the  acid  liquid  which 
distils  over  is  saturated  with  kinone,  and  contains  formic  acid. 
(See  a  Report  on  the  adulterations  of  coffee  by  Graham,  Stenhouse, 
and  Campbell ;  Q.  J,  Chem,  Soc.  ix.  52.)  The  acid  of  Paraguay 
tea,  and  that  of  the  leaves  of  the  holly  tribe,  also  furnish  kinone 
by  similar  treatment.  The  following  is  the  average  composition 
of  the  coffee  berry,  according  to  Payen : — 

Ligneous  tissue  .....  34*0 
Hygroscopic  water         .  .  .  .12*0 

Fixed  fatty  matters        .  .  .      10  to  13*0 

Gum,  sugar,  and  a  vegetable  acid     .  .      15*5 

Azotised  matter,  analogous  to  legumin  .  13*0 
Free  caffeine  .....  08 
Compound  of  caffeine  with  potash  and  | 

chlorogenic  (caffeic)  acid*    .  .  )  ^  ^       ^ 

Aromatic  essential  oil    .  .  .  .       o'oo2 

Solid  fatty  essence  .  .  .  .       cooi 

Saline  matters      .....       6*697 

The  saline  matters  contained  in  coffee  contain  more  than  half 
their  weight  of  potash  (5 1*5  to  558  per  cent.)  chiefly  in  the  form 
of  carbonate  and  phosphate ;  they  are  almost  entirely  free  from 


•  ContUDin^  39  per  cent,  of  caffeine;  3*5  parts,  therefore,  indicate  loi 
_M  i         j^  ^^  j^^  ^^^  ^^^  found  by  other  chemists. 
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eilica.  The  Bxignr  in  mw  coffee  is  in  the  form  of  cane  sngv 
(Graham^  Stcahouse^  and  Campbell),  and  iU  quantity  varies  fwm 
6' 2  to  77  per  ectit.  The  process  of  roa&ting  not  only  expels  the 
greater  part  of  tlic  hygroscopic  moisture,  but  it  oonsiderahlf 
modifier  the  proi>erties  of  the  caffeic  acid,  and  converts  nearly  tte 
whole  of  the  sugar  into  earameh  The  soUd  portion  left  aftir 
infufiing  the  ground  berry  in  water  contains  a  large  amoimt  rf 
nutritious  substance,  in  the  form  of  an  azotitsed  priuciple  resem* 
bliug  casein  or  legumin.  This  may  account  for  the  practice  among 
the  Arabs  and  other  oriental  nations,  of  swallowing  the  undi«0C>lf«d 
portions  of  the  grain  with  the  decoction :  in  the  eountriei  of 
Central  Asia  the  u&e  of  animal  food  is  rare,  and  hence  the  inluhit- 
ants  have  been  led  to  vary  the  mode  of  preparing  their  coffee  m 
8uch  a  manner  as  to  enable  them  to  use  the  subs^tanee  in  eome 
measure  as  a  substitute  for  the  nitrogenous  constituents  supplied 
by  a  flesh  diet. 

The  dried  leaves  of  the  coffee  plant  also  contain  as  much  w 
1^  percent,  of  caffeine  (Stenhouse),  as  well  as  an  astringent  wge- 
table  acid,  and  a  luT^e  proportion  (13  per  cent,)  of  an  aatotised  pria- 
eiple  allied  to  ghxten,  Tlie  dried  eoffee  leaf  has  an  ^recable 
aroma ;  it  is  used  largely  in  the  form  of  infusion  by  the  natires  rf 
Sumatra,  who  prefer  it  as  a  beverage,  to  that  prepared  from  Ike 
coflce  berry. 

Constiiuents  of  the  Tea-plant. — The  dried  leaves  of  the  Tfum 
Sinemis,  which  constitutes  our  ordinary  **  tea,'^  contain  about  45 
per  cent,  of  soluble  matter  ;  but,  according  to  Peligot,  tea  does  uui' 
usually  give  up  more  than  about  one-third  of  its  weight  of  soluble 
matter  to  boiling  water.  The  most  important  constituents  of  the 
leaf,  in  the  form  in  which  it  is  consumed  in  Europe,  ait;: — i.  The 
essentia!  oU,  to  which  it  owes  its  peculiar  aroma,  and  the  pro- 
portion of  which,  aecordiug  to  Mulder,  is  about  0*79  in  green, 
0*60  per  cent,  in  black  tea.  This  oil  exerts  a  most  powerfuUyi 
stimulating  and  intoxicating  effect.  In  China,  tea  is  seldom 
till  it  is  a  year  old,  on  account  of  the  well-known  intoxicating 
eifects  of  new  tea,  due  probably  to  the  lai'ger  proportion  of  esseii 
tial  oil  contained  in  the  freshly  dried  leaf.  2,  Cajfeine^  or  theine^j 
the  quantity  of  which  varies  considerably  in  different  varieties  ol 
tea  -J  different  kinds  of  green  tea  furnished  to  Peligot,  amoimts 
ranging  from  2^2  to  4'!  per  cent.  3,  A  nitrogenised  co; 
analogous  to  casein j  amounting  to  14  or  15  per  cent,  of  th< 
weight  of  the  leaf.  Almost  the  whole  of  this  material 
tlu'owu  away  in  the  spent  leaves,  which  when  dry,  contain  not  1 
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than  28  per  cent,  of  their  weight  of  this  substance.*  4.  The 
astringent  principle^  which  is  a  modification  of  tannin ;  it  occasions 
a  precipitate  in  solutions  of  gelatin^  and  produces  a  black  with 
protosulphate  of  iron :  it  constitutes  from  13  to  18  per  cent,  of 
the  dried  leaf.  The  ash  of  tea  varies  from  5-3  to  5-6  per  cent,  of  the 
dried  leaf;  a  portion  of  this  ash  is  probably  due  to  the  colouring 
matter  which  the  Chinese  are  in  the  habit  of  adding  to  their  green 
teas^  for  the  foreign  market ;  this  colouring  matter  is  in  some  cases 
indigo^  in  others  a  mixture  of  Prussian  blue  and  pipe  clay. 

It  appears  from  the  observations  of  Mr.  Fortune^  that  either 
green  or  black  tea  can  be  obtained  at  pleasure  from  the  same 
plant.  Green  tea  is  prepared  from  the  young  leaves^  which, 
within  an  hour  or  two  after  they  have  been  gathered,  are  roasted 
in  pans  over  a  brisk  wood  fire.  After  four  or  five  minutes'  roasting 
the  leaves  become  flaccid,  and  are  rolled  by  the  hands  upon  a 
wooden  table ;  after  which  they  are  again  thrown  into  the  drying 
pans,  where  they  are  kept  in  rapid  motion,  and  in  about  an  hour, 
or  an  hour  and  a  half,  are  completely  dried. 

Black  tea  is  allowed  to  lie  in  heaps  for  ten  or  twelve  hours  after 
the  leaves  have  been  gathered ;  they  are  then  tossed  about  for  some 
time  tiU  they  become  flaccid.  At  this  stage  they  begin  to  emit  a 
fragrant  smell  j  they  are  next  rolled  in  balls,  with  the  hand,  upon 
a  wooden  table,  and  a  large  quantity  of  liquid  is  expressed  from 
them,  after  which  they  are  shaken  out,  roasted  for  a  few  minutes, 
again  rolled ;  and,  whilst  still  flaccid,  are  exposed  to  the  air  for 
some  hours  upon  shallow  bamboo  trays :  this  alternate  heating 
and  rolling  is  repeated  three  or  four  times;  and,  finally,  the 
leaves  are  slowly  dried  over  charcoal  tires.  A  species  of  fermenta- 
tion appears  to  occur  during  the  drying  of  the  leaf,  in  conse- 
quence of  which  a  development  of  essential  oil  takes  place,  by 
which  the  agreeable  aroma  is  occasioned :  this  aroma  is  wanting 
in  the  fresh  leaf.  The  change  of  tlie  leaf  from  green  to  black, 
is  mainly  due  to  chemical  alterations  produced  by  the  oxygen 
of  the  air  upon  the  constituents  of  the  leaf,  and  especially  upon 
the  astringent  principle ;  this  change  being  prevented  in  green  tea 
by  the  rapid  process  of  drying  to  which  it  is  subjected. 

(1089)  T/ieobromine   (Ci^HyN^OJ. — This    body   is  present  in 


•  The  Mongol  Tartars  economise  a  large  portion  of  this  nutritive  matter 
by  boiling  the  powdered  tea  with  the  alkaline  water  of  their  steppes,  to  which 
a  quantity  of  salt  is  added ;  by  this  means  a  notable  quantity  01  the  gluten  is 
dissolved  or  suspended  in  the  liquid,  which  they  commonly  eat  tnickened 
with  butter,  milk,  and  baked  flour  (Lehmann). 


I 

I 

I 


CJiocolate ;  it  is  homologous  with  caffeine,  but  it  contains  (C^Hv  \tn 
tliau  this  substance.  It  is  extracttxl  frooi  the  cacao  nut  {Theo- 
a  Cacao)  by  a  process  similar  to  that  employed  in  obt^aing 
inc.  Theobromme  is  but  sparingly  soluble  in  boiling  water,  and 
gtill  l(»a  so  in  alcohol  and  in  ether :  it  has  a  slightly  bitter  tAste. 
At  a  high  temperature  it  may  be  sublimed^  a  part  of  it  under- 
going decomposition  during  the  process.  It  resembles  caffeine  to 
its  power  of  forming  crystallizable  salts  with  some  of  the  acids ; 
but  these  compounds  are  decx>mposed  by  water,  and  its  basic 
powers  are  very  feeble. 

The  cacao  nut  is  remarkable  for  the  large  proportion  of  fatty 
nuitter  which  it  furnishes.  This  fat  is  not  liable  to  become  rancid, 
m  orcumBtancc  which  adds  greatly  to  the  value  of  the  nnt  as  m 
arlMft  of  food.  The  nut,  when  deprived  of  its  husk^  is  siid 
to  contain  nearly  56  per  cent,  of  this  fat,  1 7  per  cent,  of  a  sub- 
alance  resembling  gluten,  and  22  of  starch,  gum,  sugar,  ttnd 
Igneous  tissue.  The  aromatic  flavour  of  coeoa  is  due  to  the 
roftsting  to  which  the  nut  is  subjected,  previous  to  grinding  it.  If 
tlie  roasted  nut  Ije  simply  crushed  at^tcr  it  has  been  freed  from  its 
husk,  it  forms  the  cocoa  nibs  of  the  grocer.  Chocola/e  is  prc|Dtr^ 
by  grinding  the  roasted  nut  into  a  paste  between  hot  rollers,  aad 
mixing  it  with  sugar,  vanilla,  cinnamon  and  other  sptees. 

The  number  of  well-defined  bases  of  animal  origin  is  bat 
niall,  and  as  they  are  generally  produced  by  the  decompositiun 
rf  axotised  compounds  not  as  yet  described,  it  will  be  more  con* 
lenieiit  to  defer  their  consideration  till  a  later  period. 


CHAPTER  V. 

0\'  THE  Organic  Acids. 

§^  U  Gf«i»'*-t/  *'emark»  on  the  Orgamc  Acids,  Oxy chlorides ,  Anh^- 
cirides,  and  Ketones* 

TliK  Oroanic  Acms  constitute  an   extremely  nume- 
^i»>  ^L  iMfOitant  class  of  compounds ;    but  many  of  them  are 
r  ?«hlrd    to   a  large    number  of    other   well«defined 
thai  it  would  be  far  from  advantageous  to  detach 
t  Aft  proup  to   which   it  properly  belongs,  for  ihc 
H  with  other  bodies  to  which,  often,   it   may 
fave  in  the  circumstance  that,  like  them,  it 
!t  rf  forming  salts  with  bases.     Accordingly, 
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several  of  these  bodies  have  already  been  described  in  the  previous 
sections^  where  they  seemed  to  be  naturally  connected  with  the  com- 
pounds under  examination ;  and^  although  it  will  be  convenient  to 
associate  together  certain  of  the  acids  in  the  present  chapter^  the 
consideration  of  others  will  be  postponed  until  the  substances  to 
which  they  are  most  nearly  allied  pass  under  review. 

At  present  no  organic  alkali  is  known^  into  the  composition 
of  which  nitrogen  does  not  enter ;  so  that  if  it  be  ascertained 
that  nitrogen  is  absent  from  any  particular  compound^  it  may  at 
once  be  concluded  that  the  body  in  question  cannot  belong  to 
the  class  of  organic  bases;  but  there  is  no  elementary  sub- 
stance with  the  presence  of  which  the  acid  character  can  be 
thus  specifically  connected :  and  no  general  law  of  composition 
has  hitherto  been  arrived  at,  by  which  it  is  rendered  possible 
from  a  knowledge  of  the  empirical  formiQa  of  a  substance^  to 
predict  that  it  will  possess  the  properties  of  an  acid. 

(109 1 )  Monobasic  and  Poly  basic  Acids, — The  organic  acids 
may  be  subdivided  into  monobasic  ani  polybasic  (1102) ;  the  im- 
portant group  derived  from  the  alcohols  by  oxidation^  furnishing  a 
good  illustration  of  the  monobasic  acids ;  whilst  some  of  the  more 
important  and  widely  diffused  vegetable  acids,  such  as  the  citric,  the 
tartaric,  and  the  malic,  afford  examples  of  the  polybasic  class. 

A.  Monobasic  Acids, — Most  of  the  monobasic  acids  are  com- 
pounds which,  in  their  condition  of  normal  acids,  or  normal 
hydrates,*  that  is  to  say  in  their  form  of  monohydrates,  are  bodies 
which  contain  either  four  or  six  equivalents  of  oxygen ;  and  they 
fall  under  some  of  the  following  general  formulae ;  in  which,  for 
the  sake  of  simplicity,  the  basic  water  is  incorporated  with  the 
other  constituents  of  the  acid ;  n  is  in  all  cases  an  even  number. 
a.  \  b. 


I. 

C,H.       0, 

I. 

C.H,        Oe 

2. 

C,H,  _  ,  0, 

2. 

C.H,_,Oa 

3- 

C,H,_,0, 

3- 

C.H._,Oe 

4- 

C,H,_eO, 

4- 

C,H._eO, 

5- 

C,H,  _  s  O4 

5- 

C,H,  _  8  0, 

6. 

C,H,_,oO, 

6. 

C.H._,oOe 

I.  Normal  acids  which  contain  four  equivalents  of  oxygen, — 
These  are  of  much  more  frequent  occurrence  than  any  other  form 
of  acids ;  and  of  these,  the  class  which  is  indicated  by  the  for- 


•  Normal  acetic  acid,  for  instance,  is  HO,  C^H,Oj,  or  C^H^O^ 


rniila  a.  i,  (C.TI^O^)   is  the  most  nunicnjus,      TIic  volatile 
ttcidi*  inentiotiecl  at  page  31,  bcl( 

There  are  also  several  well-known  acids  which  liave  the  com- 
pofiitioti  of  the  formula,  a.  2,  (C,H^_jOJ,  viz.  i- — 


Acrylic  Acid  * 

.     C.H,0, 

Physetoleic 

CJ'  '^ 

Aiigdic      .     . 

.    c,..n,o. 

Oleic  aiid  Elaidic  . 

c. 

Canipbolic 

•     C^,H„0, 

Docglic        .      .      . 

C^H^O, 

Aloringic  • 

.     C,„H^O. 

Erucic    .... 

C^H^Oy 

Hauy  of  th^e  acids  cxhiljit  tiiat  close  resemblance  to  caA 
other  in  properties^  which  is  always  observed  in  bodiea  bekmgbf 
to  the  same  homologous  series. 

No  acids  corresponding  to  the  formula  a,  3,  (C.H.^^OJ  ha« 
as  yet  been  discovered  ;  and  only  one,  the  oxyphenic  (Ci^Il^OJ, 
which  belongs  to  tlic  group  o,  4,  (C^H^^^O^) ;  but  the  groap  11.5, 
(C^H^_aOJ  coutuins  several  interesting  acids,  the  last  three 
being  homologous  compounds :  these  acids  are  sometimes  sjKikeii 
of  as  tlic  aromatic  acids.     They  arc  the  following  ; — 

Salicylous  acid   .     Cj^ll^  0|  1  Toluic  acid     .      ,      Cj^H^Oi 
Benzoic  acid        .      Cj^He  O^  1  Cuminic  acid       .      C^ll^O^ , 
The  group  a,  6,  {CJl^_ioOJ  contains 

Cinnamic  acid     ,      Cu^liyO^    |     Pinic  acid    •      .      C^)H,ijO|t 
2.  Normal  acids  which  contain  6  equivaient$  of  o^getu — Tbc« 
are  comparatively  few  in  numl)er*     None  are   yet  known  of  the 
formula  A.  i,  (C^k,0<,).    To  the  formula  b,  1,  (C,H^.jO«)  licanolie 
acul  (Cg^IIjj^Og)  may  be  referred. 

The  only  compound  of  the  formula  b.  3,  (C^H^^^O^)  is 
Guaiacic  Acid  ....      Cj^HgO^    , 

To  the  class  6*  4,  (C^II^_,j  OJ  belong  the  isomeric  compoii 
Pyromucic  acid  .  •  .  . 

Pyromeconic  acid 
The  group  b.  5,  (C\H„„g,  O^j)  is  more  Buraeroiis,  and  the 
two  acids  are  closely  related  to  each  utbcr : 


C,aH^O, 


Ampelic  acid  . 
Salievlic  acid  • 


Anisic  acid 


C.dH.O,  . 


C,,lI,Oe 

The  series  b,6^  tC^ll^.j^Og)    is   at  present  represente<l  by 
single  acid,  viz* — 

Coumaric  acid  ....      Cjall^O^ 

but  both  tliis  and  the  preceding  group  are  intimately  connected  witl 
the  acids  of  the  formula  a.  5,  and  a,  6,  from   which  the  acids 
the   correi*pon(liug  group  in  the  column  b  (p.  299),  with  6  equiva 
Icnts  of  oxygen,  would  be  formed  by  a  simple  act  of  oxidation. 
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3.  Acich  not  belonging  to  any  of  the  foregoing  groups. — 
The  various  acids  formed  by  sabstitution  from  others  of  known 
composition^  such  for  example  as 

Nitranisic  acid  ....     CieHy^NO^jOe 

Trichloracetic  acid   ....     C4HCI3O4 
Bromo-salicylic  acid  .  .  .     Ci^H^BrO^ 

may  be  fairly  considered  as  belonging  to  one  of  the  groups  just  indi- 
cated ;  but  a  considerable  numl)er  of  monobasic  acids  exist,  such 
as  carbolic  or  phenic  (C12H0  O^)  and  amygdalic  [C^^O^  acids, 
vhich  are  not  included  in  any  of  the  foregoing  groups. 

The  numerous  acids  obtained  from  the  bile,  and  the  acids  con- 
nected with  the  colouring  matters  of  the  lichens  are  also  not 
mentioned  in  these  groups;  neither  are  the  various  acids  which 
contain  nitrogen ;  such,  for  example,  as 

Amalic  acid  .    CigHyNjOg        Aspartic  acid     CgHyNOg 
Isatic  acid    .    Ci^HyNOe         Carbazotic  acid  CuH,  sCNOJO^ 
Trigenic  acid    C^  H7  N3O4       Hippuric  acid   CigH^NOe 
Many  of  the  organic  acids  which  contain  nitrogen  are  amidic 
acids,    such     as    the    aspartic;    others    are    clearly    substitution 
products,  such  as  the  carbazotic,  which  is  a  nitrous  derivative  of 
carbolic   acid.       Others   are   produced  by    the    modification    of 
definite  compounds  which   contain  nitrogen.      Isatic   acid  is    in 
this  way  produced  from  isatin : — 


iMtin. 


Isatic  Acid. 


CieH.NO,  +  2HO  =  CieH^NOe. 
Others  are  clearly  compound  acids,  such  as  the  hippuric,  which  may 
be  regarded  as  a  derivative  of  benzoic  acid  and  glycocine.  It  is 
probable  that  many  of  the  acids  included  in  some  of  the  foregoing 
groups,  such  as  the  cinnamic  and  coumaric,  will  turn  out  to  be 
compound  acids. 

B.  Polybasic  Adds, — Amongst  the  polybasic  acids  likewise, 
certain  homologous  groups  have  been  traced. 

I.  Dibasic  acids. — Most  of  these  acids  belong  to  one  or  other 
of  the  following  groups ;  the  proportion  of  oxygen  in  the  normal 
or  hydrated  acids,  being  8,  10,  or  12. 

/.  m.  n. 


1.  C.H.08 

2.  C.H..,Os 
3-  C,H,.,08 
4,C.H..e08 

6.  C,H..io08 


10 


1.  C.H^O 

2.  C.H,_2  0,0 

4-  C^H^_e  Oio 

5.  C,H._8  0,o 

6.  C,H,.n,Oio 


1.  C.HAe 

2.  C.H,.20,2 


^llH,oO| 


Piinelic  acid 
Siil>cric  acid 
Sebacic  acid  . 


CgH4  0, 


Lipic  acid?    > 
Adipic  acid 

This  group  ifi  formed   by  oxidation  of  the    monobasic  voli 
fiittj  acids  {a,  i). 

FTo  the  group,  /.  3,  (C.H,_^Oa,)  belong 
Malscic  and  Fumarie  acids 
Pyrocitric  acid 
Camphoric  acid         .  ,  .  ,      C^Hj^Og  , 

The  onJy  representative  of  the  group,  /.  4,  (C.H^^^Og)  is 
Mellitic  acid  .  ,  .  .  .      CqH^Ojj    . 

The  group  /.  6,  (C„H,^ioOi*i)  ^  represented  by 
Phthalic  acid  ,  ,  .  .  .      C^JI^  Og 

Insolinic  acid  •  .  .  .      Ciglla  Og 

The  column  headed  m  in  the  table  of  dibasic  fonnubo^  is 
scantUy  represented ;  thus 

m.  2f  is  indicated  by  Malic  acid  •      *      ,     Cg  Hn  O10 

m.  3,  is  indicated  by  Mesoxalic  acid       ,     C^  Hg  O|o 

and  m.  5,  is  indicated  by  Comenic  acid    ,      ♦      Ci^H^Oi^. 

The  group  1?.  i,  (C^H^Oj^j)    has  four  homologous    represenia- 
tiyes^  viz. ; — 

GlycoUic  acid 

Lactic  acid    ,  ,  .  , 

Acetonic  acid 

Lcucic  acid   ,  .  *  . 

and  n,  2,  (C^n^.^Oij)  is  represented  by 

Tartaric  acid  .  .  .  .  •     CgH^O^j 

■  There  are  many  dibasic  acids  which  cannot  be  referred 

■  any  of  these  groups,  such  as 

■  Kinic  acid      .  *  .  «  •     ^H^O^ 
i^  Mucic  and  saccharic  acids 
^^K  Pyruvic  acid  , 
^^H  A^K^glucie  acid 
^^^L^  Uric  acid 
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besides  the  various  acids  derived  from  the  uric,  by  the  action  of 
oxidizing  agents. 

2.  Tribasic  acids. — These  complicated  acids  do  not  admit  of 
being  classed  in  groups  at  present :  they  are  comparatively  few  in 
number,  the  most  important  being  the  following : — 

TVibasic  acids. 


Aconitic  acid  .  CigHeOij 
Citric  acid  .  .  CiaH^Oi^ 
Gallic  acid      .     .  Ci^H^Oio 


Meconic  acid  .  Ci^H^  O14 
Chelidonic  acid  .  C14H4  O^a 
Glucic  acid    .     .  Cj^HjaOig 


(1092)  Simple,  and  compound  or  colligated  acids. — The  or- 
ganic acids  may  further  be  regarded  as  belonging  to  one  or  other 
of  the  following  classes  : — 

a.  Oxides  of  organic  radicles,  and  acids  derived  from  them  by 
substitution. 

b.  Compound  or  colligated  acids. 

[a)  Oxides  of  Organic  Radicles. — ^Examples  of  this  class  occur 
in  cyanic  acid,  HO,  (C2N)0,  and  in  the  series  of  volatile  fatty 
acids  (1152),  the  first  member  of  which  is  formic  acid,  HO,  CjHOj, 
the  last  as  yet  discovered  is  the  melissic,  HO,  CfloHg^Oj.  The 
fatty  acids  may  be  viewed  as  hydrated  oxides  of  a  compound  radicle, 
of  the  form  (C^Hj^iOj);  the  radicle  of  formic  acid  being  CaHO^,  that 
of  acetic  acid  C4H3O2,  and  so  on.  These  radicles,  it  will  be  observed, 
are  oxides  of  hydrocarbons,  in  which  the  number  of  equivalents  of 
carbon  always  exceeds  by  one  that  of  the  number  of  equivalents  of 
hydrogen,  a  circumstance  probably  connected  in  some  important 
manner  with  their  acid  character.  Another  group  which  falls 
under  this  subdivision,  is  that  represented  by  the  general  formiQa 
[H0(C^H„__g02)0],  which  has  been  characterized  as  the  group  of 
aromatic  acids,  and  of  which  benzoic  acid  is  the  type. 

[b)  Compound  Acids. — These  acids  consist  of  an  organic  com- 
pound, which  may  be  either  acid  or  neutral  in  character,  united 
with  an  acid  either  of  inorganic  or  organic  origin,  the  properties 
of  which  are  modified.  These  compound  acids  may  be  subdivided 
into  two  groups,  in  the  first  of  which  the  saturating  power  of  the 
combining  acid  is  not  affected,  while  in  the  second  it  is  more  or 
less  diminished. 

I.  Compound  adds  in  which  the  capacity  of  saturation  of  the 
components  is  unchanged. — ^An  excellent  instance  of  this  class  is 
afforded  in  the  case  of  formobenzoylic  acid  (HO,  CaHOg-f  CiiHgOg). 
This  compound  consists  of  a  combination  of  formic  acid  with  the  oil 
of  bitter  almonds ;  the  new  acid  thus  formed  possesses  a  saturating 
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power  exactly  proportioned  to  the  quantity  of  formic  acid  whicli  it 
contains*  Acetonic  acid  (HO,  C,(|Hi40i„)  is  another  example  of 
the  same  kind^  consisting  of  formic  acid  united  with  acetone 
(CgH(,0,)  as  its  coliigaie,  or  associated  organic  compound. 

2.  Compound  acitb  of  diminvthed  basic  power. — Sulpho-adds, 
— Numerous  instances  of  this  kind  occur  in  the  colligated  sul- 
phuric acids,  such  as  the  sulphethylic  (HO,  C^H^O,  2  SO^),  and 
sulphogly eerie  acid  (HOjCeHyO^^aSOJ;  in  these  cases  the  sulphuric 
acid  and  the  organic  group  in  entering  into  combination,  part  with 
a  certain  number  of  equivalents  of  water ;  the  loss  of  basic  power 
in  most  instances  corresponding  to  the  number  of  equivalents  of 
water  which  arc  displaced. 

The  formation  of  the  vinic  acids  from  the  alcohols  (980  et  9eq,), 
shows  one  mode  in  which  these  bodies  are  produced,  hut  this  series 
of  compounds  constitutes  but  a  single  subdirision  of  the  coiligated 
sulpho-acids,  which  recent  researches  have  shown  to  be  very 
numerous. 

When  anhydroua  sidphiiric  acid  is  brought  into  contact  with  the 
normal  or  moiiohydrated  monobasic  acids,  two  equivalents  of  the 
anhydride  generally  combine  with  one  equivalent  of  the  organic 
Did,  and  a  dibasic  acid  is  the  result.     For  example  : — 

Ac«tic  Aei4.                                                             StUph»«»tic?  Acid. 
, *- .  » -^ -^ 

HO,  C4H3O3    +    a  SO3    =    2  HO,  CJIaSjjOg. 

The  following  acids  belong  to  this  class  :— 

Sulphacetic  acid  .  .  *      2  HO,  C4  H^SgOg 

Sulphopropionic  acid     *  .      2  HO,  C^j  H^SaO, 


Sulphobutyric  acid 
Sulphobenzoic  acid 


2  HO,  Cg  H,S,ol 
2  HO,  CuH.SaO, 


The  same  compounds  may  be  formed  by  heating  the  amides 
or  nitriles  of  the  series  with  fuming  sulphuric  acid*  Thus,  propio- 
nitrile  yields  sulphopropionic  acid  ; — 

JPropionilrUcw  Svlpbttpropionic  Atf'id,  8alp)iiLt«of AminoiuA. 

C,H,N  H-  3  no  +  3  (HO,  SO,)  =  2  HO,  C^H^SjO^  -i-  H,NO.SO,; 

and    butyramide    by    similar  treatment    furnishes    sulphobutyric 
acid  :— 

ButjTmiQJdft.  Sulpbobatjnc  Acid.         Sulpluife  of  Ammonia. 

Cjf.NO,    +    3  (HO,  SO,)    =    3  HO,  CgilAOi    +    H^NO.SO,. 

But  if  the  mixture  be  heated,  in   addition  to  these   suIp!io*acids, 
a  second    series    of   acids  is  formed,   termed   by    llofinann    and 
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Buckton  {Phil.  TVans.,  1856)  disulpho-acids.  The  reaction  whicli 
occurs  is  attended  with  the  evolution  of  carbonic  acid ;  and  a  com- 
pound is  formed  which  belongs  to  the  series  immediately  below 
that  of  the  nitrile  acted  upon ;  for  example  : — 

Acetonitrile.  Disulphomvtholio  Acid.  Salph.  Ammon. 

C,Ha^  +  5  (HO,  8O0  =  2  HO,  C,H,S,Oio  +  a  CO,  +  h]nO,  SO, ; 

Fropionitrile.  Disnlphetholic  Acid. 

C,H,N    +    5  (HO,  SO,)  =  2  HO,  C,H,S,0^o  +  2  CO,  +  H,NO,  SO,. 
In  this  manner  they  obtained  the  four  first  terms  of  the  following 
series;  and  by  treating  aniline  in  a  similar  manner  they  also  obtained 
a  disiQpho-acid  from  it.    The  first  compound  upon  this  list  is  iden- 
tical with  Liebig's  methionic  acid;  the  disulpho-naphthalic  acid 
was  discovered  previously  by  Bcrzelius : — 
Disulphometholic  acid  .  2  HO,  Cg  HgS^Ojo,    or    C2  H^  4  SO3 
Disnlphetholic  acid  .     .  a  HO,  C4  H^S^Ojq,    or    C4  He,  4  SO3 
Disulphotritolic  acid     .  2  HO,  Cg  H^S^Oio,    or    Cg  Hg,  4  SO3 
Disulphobenzolic  acid  .  2  HO,  C12H4S4O10,    or    Ci^H^,  4  SO  3 

Disulphonaphthalic  acid  2  HO,  CjjoHgS^Oio,  or  C^oHa,  4  SO3 
Disulphanilic  acid  .  .  2  HO,  C12H5NS4O10. 
Irrespective  of  any  theoretical  view  of  the  molecular  composi- 
tion of  the  first  four  of  these  bodies,  it  is  clear  that  they  contain 
the  elements  of  i  equivalent  of  a  hydrocarbon  corresponding  to  marsh 
gas,  with  four  equivalents  of  anhydrous  sulphuric  acid;  as  is  repre- 
sented in  the  second  series  of  formulae  contained  in  the  table. 
There  can  be  no  doubt  of  the  possibility  of  forming  another  series  of 
sulpho-acids  corresponding  to  these,  in  which  the  hydrocarbon  has 
been  acted  upon  by  two  instead  of  by  four  equivalents  of  anhydrous 
sulphuric  acid.  These  compounds  would  have  the  following  com- 
position; but  at  present  only  two  of  them, — ^viz.,  sulpho-benzolic 
and  sulphanilic  acid,  have  actually  been  obtained : — 

Sulphometholic  acid  ....   HO,  C2  H3S2O5 
...  HO,  C4  H5S2O, 
•     .     .  HO,  Cg  H7S2O5 
.     .     .  HO,  C12H6S2O5 
.     .     .  HO,  Ci2HeNS205. 
Many  of  these  sulpho-acids  may  be  obtained  by  the  direct  action 
of  anhydrous  sulphuric  acid  upon  the  hydrocarbons: — For  example, 
when    olefiant    gas    is    subjected    to    the    action    of   anhydrous 
milphuric  acid,  it  forms  a  compound  which   Magnus  termed  sul- 
phaie  of  carbyle  (984) ;  this  body,  when  treated  with  water,  forms 
etihionic  or  disulphethylic  acid.     This  body  is  one  of  the  terms  of 
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Sulphetholic  acid 
Sulphotritolic  acid 
Sulphobenzolic  acid 
Sulphanilic  acid 


-ACT  vs. 


^**K  ' 


I  M^t  probably  be  farmed  by 
MDoIp^us  with  oleiiant  gas,  to 
Tinic  acids  (980)  constitute  the 
I  hf  the  reaction  of  two  cqiiivaltints  of 
aleokolt  whilst  ethionic  acid  is  one  of  the 
pcDduced  hj  the  action  of  4  equiva- 


acid      .     .     .     .      HO,  C.H^SA 
-AamlphethyUc  acid)  .  2  HO,  C^H^Sp,, 

A  Bockton  conclude,  as  the  general  result  of  i 
lion  of  the  6uli>ho-acids  {Proceedings  Hoy, 
^^— T%lt"all  oi^anic  moIccnlcSj  particularly  in  the 
^  wff/bKt  to  be  capable  of  assimilating  the  elements 
»  or  four  equivalents  of  aidivdrons  [sulphuric]  acid. 
I  of  the  two  groups  of  acicU  wliich  are  thus  produced, 
iMIft «  ffc«t  analogy  with  the  production  of  the  nitro-substi- 
( ftttffttlvd  under  the  inlluence  of  nitric  acid*  All  these  eom- 
^  a(9  fCBcrated  with  the  elimination  of  water.*  In  the  action 
Hie  •ad  and  sulphuric  acid  upon  benzole,  for  iiistancej  we 


ito^Bfti* 

Kitfobeasole. 

cS 

+ 

HO,  NO.      = 

C„H,N  0. 

Dinitrobeosole. 

Ci^, 

+ 

+ 

2  (HO,  NO,)    = 

2  no,  SjO,    = 

3(3H0.S,0.)    = 

Sulpha 

C„H,N,0, 

-Ivomolic  Acid, 

C„H. 

HO, 

,  C„H.S,0. 

io-WdxoUc  Acid. 

CuH. 

2  HO. 

C„H,S.O,o 

+   3H0 


+  4H0  J 


HO 


action  of  nitric  acid  upon  organic  bodies  is  by  no  means 
ttsl  to  the  production  of  nitro-com pounds  corresponding  to 
.;n*. benzole  and  dinitro-benzole  ;  frequently  additional  substitutes 
,u'  uinncd,  with  elimination  of  six,  eighty  and  in  a  few  isolated 
^  t.<^,  fven  of  ten  equivalents  of  water.  Hitherto,  however,  no 
X  iKHtances  have  been  obseiTcd  in  whicli  the  assimilation  of  aul- 
^•Surio  acid  has  gone  fmlher  than  in  the  disulpho-acids,'' 

yitro-uctd^. — When  nitric  acid  nnites  with  an  organic  acid, 

iW  com  pound   which   is  formed   is    generally  one  wliich  is  the 

i,lt   of  a  simple  process  of  substitution.    No  apparent  decom- 

•  Thi«  reforB»  however,  to  the  case  in  whicli  it  is  ftuppoaed  that  the  reaction 
^v«  jtluce  betwt?en  oil  of  vitriol  or  hydrated  sulphuric  acid  and  the  organic 
^l^mnd,  and  not  when  the  anh^drvus  acid  is  used ;  aj  the  equdtionfl  which 
nutliciently  show. 


4 
4 
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position  occurs  in  these  ciises,  but  the  saturatiii^j  power  of  the  new 
acid  is  not  increased  by  the  nitrogen  and  oxygen  which  have 
entered  into  its  composition.  The  nitric  acid  in  reality  has  been 
partially  deoxidized ;  an  equivalent  of  liydrogen  ha.s  been  removed 
ironi  the  organic  acidj  and  its  place  has  been  supplied  by  an  equiva- 
lent of  peroxide  of  nitrogen.  For  example,  when  beimoie  acid  is  acted 
upon  by  nitric  acid,  the  change  which  occurs  is  the  following : — 

Ben^eoic  Add.  Nitrobeoaoio  Acid* 

HO,  Cj^H^O,  -I-  HO.NOj  ^  HO,  Cj.H^,  NO^.  O3  -h  3  HO. 
Sfany  of  the  nitro-acids  ohtaitied  in  tliis  manner  are  yellowj  and 
yield  salts  which  have  a  yellow  colour ;  these  salts  generally  fuse, 
and  often  detonate  when  they  are  exposed  to  heat ;  and  when 
heated  with  sulphuric  acid  and  peroxide  of  manganese  they  emit 
red  nitrous  fumes.  A  few  of  the  best  known  of  these  compounds 
are  enumerated  below  : — 

Diidtrophenic  acid       .      .      ,  IIO,  CjgHg  2  (NOJ  O 

Trinitrophenic  (carbazotic)    •  II O^  Ci^Ii^  3  (NO J  O 

Nitrobenzoic     .     .     .     .     .HO,  CiJI^      (NO J  O3 

DinitTobcnzoic        .      .      •      .  HO^  Ci^H^  2  (KOJ  O3 

Nitrocinnamic        ....  HO,  Cj^Hg      (NOJ  O3 

NitrosalicyUc HO,  C,Jl^      (NO^)  O, 

Nitranisic HO,  Ci,jH^      (Noj  O^. 

(1093)  Action  of  Heat  upon  the  Organic  Acids, — A  large  num- 
ber of  the  monobasic  vegetable  acids,  the  hytkates  of  wbich  contain 
4  or  6  equivalents  of  oxygen^  may  be  volatilized  without  decompo- 
sition ;  but  the  greater  number  of  the  more  complicated  polyba- 
fcic  organic  acids  are  decomposed  by  the  application  of  heat. 
Many  of  them  give  rise  to  acids  of  simpler  composition^  which  are 
formed  by  tlie  abstraction  of  the  elements  of  water;  or  by  the  removal 
of  the  elements  of  carbonic  acid;  or  by  the  loss  of  both  water 
and  carbonic  acid.  Several  of  these  new  Eicids  are  volatile ;  others 
undergo  complete  decomposition  if  subjected  to  a  higher  tempera- 
ture than  tliat  at  which  they  were  formed:— For  example,  citric  acid 
by  losing  %  equivaleuts  of  water  furnishes  aconitic  acid  -. — 

Citric  Acid,  Aoonitio  Acid. 

3  HO,  C„H,0,,      =^      sHCCi^H^O,       +      a  HO ; 
and  at  a  higher  temperature  aconitic  loses  carbonic  acid ; 

AMfuitio  Acid,  liaoonio  Acid. 

3  HO,  C15HP,       =      2HO,  C„,HA       +      2  CO,. 
The  action  of  a  gradually  increasing  temperature  upon  tartaric 
acid  is  remarkable :  this  acid  undergoes  several  different  stages  of 


MP  tttU;  ANO  or  CHLORINE    VtOS   TBE   AC1D8. 

ImA  ^bni  Vmv  curbonic  leid,  ia  the  manner  shoT 


^V 


3  HO,  a  (C.H.OJ  + 


<«»    «iia»<cjw 


;;3(m<«r  J 


#  BO,  C^H.Oj^ 


s      1  HO,  Ci^,0.       +      2  CO,    , 
^^,  by  the  loss  of  water,  yields  fumarie  {gmn^ 


FiUD&ric  Add, 


tlllVi\H,0,      =      3H0,C,H,0.      H-      aHO    ;  "■ 

tMJt  fmiwifflirr  »eid  by  sublimation  m  converted  into  its  idomeride 

In  )ii<«  manner  gallie  acid  by  the  loss  of  2  equivalents  of 
WaWiiw  acid  yields  pyrogallic  acid  ;  and  pyrogalUc  acid  in  its  turn, 
to  lly^  )o»  of  2  equivalents  of  water,  funiisbea  metagallic  acid  :- 

^  G«Ilic  Acid.  Prroffiiilie  Acid. 

3'HO.  C„H,0;      =      (^JnTo.      +       aCO.f 

PjToftnllic  Acid,  Mct«|fttlljc  Add. 

ci^H^,  ^      CjiCo,     +      2  HO. 

Basults  closely  analogous  are  a&brded  by  the  decompositic 
nt  mecouie  acid;  a  solution  of  which,  at  a  temperature  not  exceed 
tug  Uiat  of  boiling  water^  is  converted  into  comeuic  acid  by  tl 
toMi  of  a  equivalents  of  carbonic  acid;  and  comenic  acid  itself  if 
iiwl»j«H*tcd  to  distillation  loses  2  equivalents  of  carbonie  acid,  ar 
fVirnt^bes  auother  distinct  volatile  acid,  the  pyromecouic : — 

Sfcconic}  Acid.  Comcnio  .4Ldd^ 

3  HO,  Ci.HOi,    =    2  HO,  CJT,6^    +     a  CO, ; 

Comenic  Acid.  Pjfonieeouic  Add. 

^.^ .y^ : ^  ^ -* _^ 

aHO,  CijHjO,    =       HO,  C,^HA    +    a  CO,. 

(1094)   Effects    of  Chlorine,  ^c,   vpon    the    Acids* — Chlorii 
generally  acts   upon  the  monobasic   acids   simply   by   displacinj 
hydrogen,  thus  producing  a  body  of  the  same  chemical  type  as  the 
original  acid,  and  containitig  the  same  number  of  elements  simi- 
larly arranged.      lu  acetic  acid,  for  inHtauce,  the  3  equivalents  of 
liydrogen  may  be  displaced  by  3  equivalents  of  dilorine ;  and  tri^| 
:icid,  which  is  analogous  to  the  original  acetic  acid,  i^^ 


C4H3O3  -h  6  CI  =  110,  C^CiPa  +  3  HCl 


il 
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By  a  siibstitotion  of  a  similar  kinrl,  benzoic  acid  (HO,  Cj^IIjOg) 
yields  chloro benzoic  acid  110,  Cutl^ClOj.  In  other  iostanees, 
especially  in  the  more  complex  acidsj  the  original  group  of  ele- 
ments is  broken  up  into  two  or  more  ^oups  of  simpler  const itu^ 
tiou.  Thus  citric  acid  (3  110,  Cj^H^,0|i),  when  treated  with  chlorine, 
yields  a  neutral  chlorinated  body  {Cfi\/y.^)j  besides  otiier  products, 
Tlie  action  of  bromine  and  of  iodine  is  analogous  to  that  of 
chloriaCj  but  with  difterences  depending  cliicrty  u|>on  the  feebler 
chaiacter  of  their  affinities.  Peroxide  of  nitrogen  may  also  be 
substituted  for  a  part  of  the  hydrogen,  equivalent  for  equivalent; 
but  in  this  case  the  acid  character  of  the  nitric  acid  whence  it  was 
derived,  entirely  disappears. 

(1094  bis)  It  is  remarkable  that  several  of  the  hydrated  organic 
acids  have  a  composition  identical  with  that  of  fructose  or  fruit 
sugar,  if  the  ultimate  analysis  only  be  considered  ;  thus  furnishing 
additional  evidence  that  chemical  character  depends  quite  as  much 
upon  the  mode  of  arrangement  among  the  elementsj  as  upon  the 
nature  of  those  elements  themselves : — 

i  Eql9.  Ac«ttc  A^itL  i  R<it.  JjWtio  Acid.  i  Bqt.  Fmolose. 

3(H0,c,nAj    ^    2  HO,  c, ,u„o,;  =    cj^H^oj^ 

Many  of  the  acids  contain  oxygen  and  hydrogen  in  exactly  tlic 
proportions  required  to  form  water :  such,  for  example,  as  the 
lactic,  the  acetic,  the  kinic,  the  pyrotartaric,  and  some  others. 

(1095)  Combined  Action  of  Heal  ami  Bases  oti  the  Acids^-^Msjij 
of  the  organic  acids  when  fused  ivith  hydrate  of  potasli  are  decom- 
posed by  it  into  acetic  and  oxalic  acid,  with  separation  of  water, 
and  sometimes  with  evolution  of  hydrogen,  for  example  ; — 


MftHc  Acid, 


Oxalnte  of  P(it«ah.      AccUt*  of  Pot*ah. 


2  HO,  CJl.Os  +  3  (K^O,  HO)  ^  2  KG,  C,0,  +  KO.C.nA  +  4  H0+  H^; 

Mucic  Acid.  Oi»IJit<^  (if  PotMli,        Auolim?  ufPutnah, 

3H0.C,,n^OH+  4  (KO,  HO)  =  am  C,0,  +  2  (KG,  C,HA)  +  ^  HO. 

When  the  salts  of  any  of  the  monobasic  acids,  which  in  their 
state  of  normal  hydrates  contain  4  equivalents  of  oxygen,  are  dis- 
tilled with  hyilrate  of  baryta,  they  undergo  a  peculiar  decomposi- 
tioD,  carbonic  acid  is  retained  by  the  baryta,  and  a  hydro-carbon 
is  given  off ;  for  example  :— 


AcetJite  of  B<xl», 


H>nh  Gu» 


:NftO.  C\  H.O,  +  no.  BaO  =  C3  H,  -f  NaO,  CO,  -h  BaO,  CO^ ; 

CaO,  C„H,6,  +  HO,  BaO  =  C^mI  4-  CaO,  CO,  +  BaO,  CO,. 

In  this  manner  the  salts  of  the  following  acids  may  be  decomposed: — 

Toluic  acid  .     .  HO,  C^oH;  O3,  yielding  Toluole  .     .  C^^a^ 


Cinnamic  acid  .   HO,  C^^llj  O3,        „       Cinuamole 
Cumiuic  acid     ,  IIO,  Cj.oHiiO^        ,,       Cumole  , 


Cifillg 

C^5jHi3 


.»    —  ^ 


•  if  smy  «»t' thi-  V-.;-.:..:  i..-?  "i-f  i.:'r::_i«  Iv  ij-i.*:-:*  :i  "stLich  cvi'^^^ 
4  ('«|!ii\;ilfiir-  o:  ...xyj-- ...  .  :«  -_':2i.r:->i  t-:  ijy  i.*r.Il.ar..:i.  :Le  L.i- 
iiinl*  ru''»c!-  rlr-C'iii. :■/*.::  ...i:. :  iziT^?"  tiir  Trlir.!-:  vr.^-i'-c:*  Ti.A'i 


(Miiir  over,  i.H  a  ♦^ .  :v  -.v.,:;:.    2.2^    :»:-:z.    *:.:rzi£-.-    ilv   <;?;:  r  ci 


f^^ 


;u  .«-' 


i\rn\  IVoiii  wliirli  it  i-   .  .tiir.v'i  :Lj.r  i..:r:.r.-:   .::e*  to  icttio  scid. 

TIk;  ^'('iicrral  |;r  r- r::-.-^  .:  :!::•  :1j^.>  ::  c-.:z: rounds  may  V: 
illusiratj-ri  by  a  (ic-cn].t::':i  •:■:  acei.ir.e.  -^Lioh  r.v*  been  esaaiiiii-i 
witli  I'jirf. 

Arvtoiit'  (C\;1I,P^  .  >y>.  //r.  0/  -i.-'-iJ  Z'^cz.  f/r7;^*r  ir::.— 
Wlu'n  acrtiile  of  liinc  i>  mixc-d  %«::!i  an  exoej>>  of  c uickliuie.  a:  i 
sniniiittril  to  distillation^  z  equivalents  of  acetic  acid  lc>e  2  r.;"i- 
\aliiits  of  carhonic  acid,  and  a  volatile  mdaniniabic  liquid  pa>xs 
o\(r,  to  wliicli  the  forniiila  C^H^O^  Las  been  assigned: — 

A.i-liiii-i.f  I.iiin?.  CarV.  of  L:=.*.  ^j*:   -^. 

Wlirn  tlic  vaiunirs  of  acclic  acid  arc  transmitted  through  a  healed 

]*r>rcrlaiii  tiiljc  tlicy  arc  re>oIved  into  acetone,  earlioiiie  acid,  anJ 

^ator  ;  2  {(\\l /)j)  =  2  CO. -r  2  HO -h QH/J,  ;  but  a  Ijeiter  mode  of 

-TvTiaring  Jicctonc  than  cither  of  the  foregoing  ones  eousists  in  distil- 

L- ^  cr}>tallized  acetate  of  lead,  with  half  of  its  weight  of  quicklime. 

A?etone  is  a  colourless  liquid,  with  an  agreeable  ethereal  odour, 

uivi  1  rmgent  taste.     It  boils  at  133°,  and  yields  an  inflammable 

-:,:y.\\z.  ▼hich  burns  with  a  clear,  white  flame.      When  heated 

rrj.  17  izi'Ze  of   potash,  it  yields  at  a  moderate  temperature  a 

■'-r-A?*   :£  loetatc    and   formiate  of  potash^   with  liberation  of 

^^^.m,  AcctAle  of  Potuh.      Faniiimt4i  of  Potash. 

^iT-  - 1 Xj  ho  +  2H0  =  Ko.  c,HA  +  KoTono,  +  6 H. 
i  ^  «^r^g  lassvs^^ost  carbonate  of  potash  and  marsh  gas  arc 

"HT.  -  -.ILv  aO    =    2(K0,C0,)    +     a^C.Hj. 


THE    ACETONES   OR   KETONES.  311 

Considerable  doubt  exists  as  to  the  true  nature  of  the  ketones. 
Kane  regards  acetone^  which  has  been  more  thoroughly  examined 
than  any  of  the  others^  as  a  sort  of  alcohol  (CeHjO,  HO)  which 
he  has  termed  mesitic  alcohol;  and  by  distilling  it  with  sulphuric 
acid  he  has  obtained  a  compound  having  the  composition  CjjH^O, 
which  corresponds  to  the  ether  of  such  an  alcohol ;  he  also  pro- 
duced other  bodies  corresponding  to  iodide  and  chloride  of  ethyle. 
Acetone  forms  with  sulphuric  acid^  a  double  acid  (2  HO, 
CgHgO,  2  SO3).  But  this  sulpho-acid  is  dibasic,  unlike  the  true 
vinic  acids ;  moreover,  acetone  cannot  be  recovered  from  it  when 
it  is  decomposed  by  the  hydrated  alkalies;  whilst  all  the  true 
alcohols  may  be  re-produced  from  the  vinic  sulpho-acids  when 
they  are  decomposed  in  this  manner  by  the  alkalies. 

Gerhardt  and  Chancel  are  disposed  to  consider  acetone  rather 
as  a  species  of  aldehyd,  in  which  an  equivalent  of  hydrogen  is 
displaced  by  an  equivalent  of  methyl ; 

Ethylic  aldehyd  C4II3O2,  H,  being  hydride  of  othyl^  and 
Acetone  being     C4H3O.2,  CjHj,  or  methylide  of  othyl. 

The  ketones  resemble  the   aldehyds  in  their  power  of  forming 

crystalline  compounds  with  the  bisulphites  of  potash  and  soda. 
Any  view  which  is  adopted  for  acetone  would  be  extended  to 

the  other  members  of  this  group,  which  are  all  homologous  with 

it ;  thus  : — 
Acetone     =  Ce  H^  Og,  or  C^  H3O2,  C2II3,  methylide  of  othyl 
Propione  =  CjoHioOg,  „  C^  H5O2,  C4H5,  cthylide  of  propionyl 
Butyrone  =  Ci^Hi^Oj,  „  Cg  H7O2,  CeH7,  tritylide  of  butyryl 
Valeroue  =  CigHnjOg,  „  CioH^Og,  CJlg,  tetrylide  of  valeryl. 

The  following  results  obtained  by  Stsedeler  from  acetone  {Ann. 
de  Chimie,  III.  xlii.  226)  have  tended  to  confirm  these  views  of 
Oerhardt  and  Chancel.  Chlorine  forms  with  acetone  various  sub- 
stitution products,  the  most  remarkable  of  which  is  one  in  which 
five  equivalents  of  hydrogen  are  displaced  by  five  of  chlorine ;  a 
compound,  CgHClgOa,  analogous  to  chloral  is  thus  formed ;  it  has 
asp.  gr.  of  from  j'6  to  17,  it  is  not  solidified  by  a  cold  of — 4°, 
and  it  boils  at  about  374°.  This  body  has  the  property  of  com- 
bining with  eight  equivalents  of  water,  with  which  it  forms  a 
soluble  crystallizable  substance  analogous  to  hydrate  of  chloral. 

Acetone  when  saturated  with  gaseous  ammonia  yields  a  liquid 


•  Othyl  is  the  term  proposed  bv  Williamfion  for  the  compoand  C4II3O5, 
which  Gerhardt  has  termed  acetyl,  but  which  must  not  be  confounded  witti 
LittUg's  aoetyl,  C4H,. 


i..-:.     .      ^    »     "  I.IILC'      Lcl-l    '^"1— 


-       ■;.■•'   ^     •     -   ^-'     ■■   -^V/:..  -  A:     >    -r; 

Kv ;.  ',f  T.'-  kf^^fi's  i-  mftarncnc  with  a  correi^ivciiiE^ 
.--•  »rT.-  i  rA  trur-  ;i!flfhyfj>  ;   ffjr  f.x.irnple  : — 

:--..:.f:      =      (Mjlfr.  O^      =      Propionic  aldehyd. 
;.-:.?.     =      f',.,n,„0,      =      Valeric  aldehyd. 
--.-..I-    =      ^"ijFIuO^      =      CKnantliylic  aldehyd. 

v  .a:.: 7.,   StircU^h^r  Hucfcoflcd  in   converting  acetone 

.-I.-.  ■    •     :"  kf^toucs  lifiH  iiNo  })cen  obsen-ed  in  the  case 
'    /.  ■..t:>..,-  fei-.ds  which  do  not  belong  to  series  of  the 
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fatty  acids.     Benzoic  acid,  for  example,  is  decomposed  in  the  fol- 
lowing manner : — 


Benzoate  of  LioM. 


Bmsona. 


Carb.  of  Lime. 


3  (CaO,  C„H,Oj^)     =     C„H,oO,    +     2  (CaO,  CO,)   . 

The  products  of  the  distillation  of  the  lime  salts  of  the  dibasic 
acids^  such  as  the  lactic  and  suberic  acids,  do  not  fall  strictly  into 
the  class  of  ketones.  The  substance  termed  lactone,  for  instance, 
consists  of  CioHgO^,  instead  of  CioHjoOg ;  and  suberone  lb  CieHi40a, 
instead  of  Cj^HijOg. 

(J097)  Oxychlorides  of  the  Monobasic  Acids, — The  acids  of 
the  lower  members  of  the  series  HO,  C.H^^iOj,  can  readily  be 
made  to  furnish  volatile  compounds  in  which  one  equivalent  of 
oxygen,  as  contained  in  the  anhydrous  acid,  has  its  place  supplied 
by  chlorine.  With  acetic  acid  (HO,  C4H3O3),  an  acetic  oxy- 
chloride  may  be  obtained,  consisting  of  C4H3O2CL  In  preparing 
these  compounds  Gerhardt  heats  together  a  mixture  of  one  equi- 
valent of  the  oxychloride  of  phosphorus*  with  three  equivalents  of 
the  anhydrous  potash  or  soda  salt  of  the  acid.     For  instance  : — 

Batjrftteof  Soda.         Ozychlor.  Phosph.       Photph.  of  Soda.  Batjric  Oxychloride. 

3  (Nao,  & aT  h-  ,poS  =  3^NlaTo7  +  '^^fl^^ . 

In  some  cases  it  is  more  advantageous  to  mix  terchloride  of  phos- 
phorus with  the  monohydrated  acid,  in  the  proportion  of  two  equiva- 
lents of  the  acid  to  one  equivalent  of  the  chloride  of  phosphorus.  In 
the  case  in  which  acetic  acid  is  employed,  the  reaction  is  as  follows: — 

Acetic  Acid.  Acetic  Oxjchloride. 

3(H0,C,H,0i)   +  PCI,  =  H0,P03  +   HCl  +  2(C,H,0,C1). 
And  on  distilling  the  mixture,   the  new  compoimd  passes   over, 
whilst  phosphorous  acid  remains  in  the  retort.  By  these  methods  the 
following  oxychlorides  have  been  prepared : — 


Ozjohloridet. 


Formula. 


Acetic  oxychloride 
Propionic       „ 
Butyric  „ 

Valeric  „ 

Pelargonio     „ 


C,H.0,C1 

C.II.OjCl 

,  C,  H,  O.Cl 

;C„H,0,C1 

I  C|»H„OjCl 


Boiling  point. 


■iT" 


Specific  Grsvity. 


Liquid. 


176 
203 

339—248 
428 


II25 
I  005 


Vapour. 


2-87 


One  equivalent  of  each  of  these  bodies  yields  four  volumes  of 
vapour.     The  vapour  of  these  compounds  is   extremely  irritating 

•  Gerhardt  has  given  an  easy  method  of  procuring  oxychloride  of  phos- 
pboriiB  for  these  decompositions.  It  consists  in  distilling  5  parts  of  perchloride 
of  phosphoniB  with  rather  more  than  i  part  of  crystallizecl  boracic  acid,  when 
t»»  ibJtowing  reaction  occurs ;  3PCI4+ 3(3HO,BOa)=3POjCl,-f- 6  HC1+ 2BO,. 
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to  tlie  liinprs,  and  tlieir  manipiilatioii  coiiscqueiitij  demands  grcaf 
care  J  otherwise  the  healtli  of  the  operator  woukl  be  seriuusly 
endangered.  Water  immediately  decomposes  these  oxyclilorides 
into  t!ie  liydrated  acid  and  free  hydrochloric  acid.  The  action  of 
a  few  drops  of  water  npon  acetic  oxycldoride  is  so  \iolcnt  as  to 
amount  to  an  explosion;  C^H^O^Cl  +  z  HO  becoming  HO, 
C4H3O3  -h  HCl.  Ovy chlorides  corresponding  to  the  foregoing 
compounds  may  also  be  obtained  with  the  aromatic  acids,  such  as 
the  benzoic,  cinnamic^  and  cuminic  acids. 


OxychJoKdM. 

Fonmula, 

l$piH.'tfioOr»fity. 
'Liquid.         V»pOTP, ' 

Ben^ic  oxy chloride 
Cinnamio    ..... 
Cuminic      ..... 
Anisic , 

Oj^Hj  O3CI 
Ci,H,  0X1 

Ci,H,  O4CI 

495 
504 

1-35 
1-207 
I '070 
V26l 

4-987 

(Cahonrs,  Ann.  de  Chimie,  III.  xxiii.  337). 

These  oxyclilorides,  thougli  unimportant  in  themselves^  have  in 
the  hands  of  Gerhard t,  led  to  the  unexpected  diseovery  of  a  gencnd 
metliod  of  procuring  the  anhydrides  of  the  acids  from  which  they  are 
derived  ([099).  If  oxybromide  of  phospliorns  be  used  instead  of 
the  oxychloridc  for  decomposing  the  salt  of  the  organic  acid,  oxy- 
bromides  of  correspoodiog  composition  may  be  procured. 

(1098)  Oxychhrldes  of  the  dibimc  acids,  such  as  the  auceinic 
oxy  chloride  (CgH.|O^CU),  and  citraconic  oxychloridc  (C|,jH^0.jCl2)j 
may  also  be  procured,  but  it  is  best  in  these  cases  to  act  upon  the  an- 
hydrides  of  these  acids  with  the  pcrchloridc  of  phosphorus:  tbey  are 
obtained  in  a  state  of  purity  with  difficulty,  since  they  are  generally 
decomposed  at  a  temperature  below  their  point  of  volatdization, 

(1099)  77ie  Anhydrides f  or  Anhydrous  Acids.-^-The  oxy- 
cldoridcs  of  the  monobasic  acids  may  be  employed  to  furnish  the 
anhydrides  of  their  respective  acids^  by  causing  an  equivalent  of 
the  oxycldoride  to  decompose  an  equivalent  of  the  dry  potash  or 
soda  salt  of  the  acid  to  which  it  corresponds.  For  instancej  in 
the  preparation  of  acetic  anhydride,  an  equivalent  of  acetic  oxy- 
chloridc is  treated  with  an  equivalent  of  anhydrous  acetate  of 
potashj  when  the  following  reaction  occurs : — 

Ac«iic  Oxjehlorub.         AoeUl*  of  PotAflli.  Actiao  Anhydtid^, 


The  oxyfhlorkle  of  yhoRphonis  ia  condensed  readily,  whilst  the  liydrochloric 
fteid  pu»Bt>g  off'  in  Uie  form  of  gus,  imd  atihydroiis  boracic  acid  is  left  in  the 
retort.  Oxnlic  acid  may  bt*  substituted  fi»r  boracic  acid  ia  ihm  operation,  but 
it  doM  not  answer  qurtt*  so  well. 
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It  is  not  necessary  to  isolate  the  oxychloride  in  order  to  procure 
the  anhydride  of  the  acid,  for  if  one  equivalent  of  oxychloride  of 
phosphorus  be  made  to  act  upon  six  equivalents  of  the  anhydrous 
salt,  instead  of  upon  three  equivalents,  as  would  be  required  in 
the  preparation  of  the  oxychloride  of  the  organic  acid,  a  compound 
reaction  occurs.  The  oxychloride  of  the  acid  is  first  formed,  and 
this  body  in  the  moment  of  its  formation  reacts  upon  the  excess  of 
the  salt  employed,  and  the  anhydride  is  at  once  liberated.  For 
example,  in  the  preparation  of  acetic  anhydride,  these  two  stages 
would  be  thus  indicated : — 

Ozjohlor.  Fhosph.  Acetate  of  Potash.  Acetic  Oxychloride. 

(I)     'P0,C1,  +  ';j  (ZO,  C,H,0j  =  3  KO.  PO,  +  '3  (C,Hi(),Cl))"; 

Acetic  Oxychloride.        Acetate  of  Fotaah.  Acetic  Anhydride. 

W     3(C]h ACl)  V  3  (KG,  C.BfiJ  =  3 KCH-  3  (C,H,0,TcjIA). 
Or  the  whole  may  be  comprehended  in  a  single  equation  such  as  the 
following,  which  represents  the  preparation  of  valeric  anhydride : — 

Valeric  Anhydride. 


Oxychl 
Fhosph. 


Valerate  of  Potash. 


PO.Cl,  +  6(KO,C,oH,0,)  =3k:o,po,  +  3KCI  +  3(C,onA.  CjoHA)- 
Gerhardt  and  Chiozza  have  thus  obtained  the  anhydrides  of 
the  following  acids : — 


8|»di]Q 

OraTily, 

AAhjdndeo. 

FormnlB. 

BmlingFaiDt^F. 

Llqiud. 

Vapcrar, 

Atretic     .    *    . 

fC,  H,  Op  C4  H,  0 j 

2B0 

1073 

3'47 

Butyric    ,    ,    . 

(C,H,0„C,H;OJ 

374 

¥alerio    .    .     . 

419 

o"934 

Caproic    .     .    , 

(Cj^H^O,,  C,,U,fi,] 

CEoanthylic ,    . 

(C,,H,,0„  C,,H,,0,) 

Q*^2 

FelargoDio   .    . 

(CiaH^jjOj,  C^^Hipj 

about  536 

(C^HijO^  C^.H^^OjJ 

These  anhydrides  assume  the  form  of  neutral  oily  bodies,  which 
are  insoluble  in  water,  but  which  by  contact  with  this  liquid  are 
gradually  converted  into  the  corresponding  hydrated  acids.  They 
are  susceptible  of  volatilization  without  undergoing  decomposition. 
They  possess,  in  many  cases,  an  odour  distinct  from  that  of  the 
hydrated  acids  to  which  they  give  rise.  In  entering  into  com- 
bination with  ammonia,  they  form  amides  or  salts  of  amidated 
acids  (1047). 

But  the  mode  in  which  these  compounds  are  formed  is  of 
greater  interest  to  chemical  theory  than  the  mere  fact  of  their 
existence.  They  are  formed,  it  will  be  observed,  not  by  the 
abtiraction  of  water  from  the  hydrated  acids,  nor  by  the  removal 
of  a.  metallio  oxide  from  one  of  the  salts  of  the  acid^  \3rai  V^rj 
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true  process  of  substitutiai},  8c  that  tlie  siilijdrides  of  tkoe 
aoQo^Nisic  ibctdft  cannot  be  accurately  represented  by  any  formnti 
wtiich  would  indicate  that  they  consisted  of  a  salt  deprived  of 
its  base»  or  of  a  hydrate  deprived  of  its  water.  For  example, 
acetic  acid  in  its  most  concentrated  farm,  is  represented  as  HO^ 
C^lljO^  and  acetate  of  potash  is  KO,  C^H^O^,  but  acetic  anhydri*ie 
16  not  gimply  C^H^Oj.  It  is  truly  04^13031,  C^H^Oj,  since  it  it 
formed  by  substituting  an  equivalent  of  C^H^O^  in  the  place  ot^ 
an  equivalent  of  hydrogen  or  of  potassium  : — 

(KO,  C.Jffi,)  +  (C^HA)^!  ^  KO  +  (C,H,0^,  C,HA> 
The  normal  (1168)  specific  gravity  of  the  vapour  of  mono- 
hydrated  acetic  acid  (at  482**  F.)  is  2'o8o;  that  is  to  say,  i  cipii- 
valeut  yield*  4  volumes  of  vapour :  the  density  of  the  anhydride 
is  3'47r — consequently  its  equivalent  (supposing  it  to  yield  4 
volumes  of  vapour)  must  be  represented  by  the  formula  (CJI^Oj, 
C4H:tOj).  But  the  following  proof  of  the  eorrectness  of  the  theoff 
of  this  duplicate  composition  of  the  anhydrides,  will,  perhaps,  liy< 
many  be  esteemed  still  more  convincing. 

(1 100)    Double  Anhydrides, — ^Tlie    anhydrides     already  enu 
nierate<!   are  not  the   only  ones  which    Gerhardt    has   succeeds 
in  obtaining.      Benzoic^  cinnaraic,  and  cnminic  oxychlorides  may  he 
procured,  by  processes   analogous  to  those  already   describeil  for 
the  preparation  of  the  acetic  and  other  oxychlorides ;  and  the  oor- 
rcs^ijonding  anhydrides  were   obtained   by   employing    the^e    Oiy^^fl 
chlorides  to  decompose  the  anhydrous  sidts  of  benzoic,  ciiiiiamic|)V| 
and  cuminic  acids  : — 


OiTcbloridaa. 

AafaTdridM. 

Benzoic 

Ciiinaniic  ..... 
Cuiniaic 

]J^itroben2oic .    ,     ,     . 

Salicylic 

C„H.  0,C1 

c„ii,  o,a 

C«,HOCl 

(CuH,  0,.  C„1T.  OJ 
(C„H,  0,.  C„H-  0,) 

(c4;,[o,.c,««,Jcv 

(C,«H,  0,.  C„H.  OJ 

Gerhardt,   however,    did    not    stop  here;     he  employed   th€ 
oxychlorides  already  described,  to  decompose  the  salts   of    othtr^ 
acids.       Thus  benzoic   oxychloride  was  made  to   decompose  dry 
cuniinate   of  soda,  and  in  this  manner  a  ben^o-cuimmc  anhydride 
was  obtained  by  the  following  reaction  t — 

B«uoic  Ozxchlande.     Ciuiuiial<«  of  8od(i«  Beaio^Di&ime  Anlijdndiw 

C„n*OXl  +  NaO.  C«H„0,  =  NaCl  +  (C.,U,0,.  C„H„oJ. 
By  decomposing  cinnam?'-:-  '^*'  •««ia  br  l*""-"-"  oxychkurid 
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benzO'Cinnamic  anhyflride  was  obtained  :  and    by  similar   methods 

the   Tarious   compounds   enumerated    in  the  foUowiug   list  were 

procured  :— 

BeD»o-cuminio  aEliydride .  Cj^TT^Oj,  C.t,TTjjO, 

BeDZO-cinnaraic  anliydride ^'hIT-O^j,  Cj^H^  U, 

B*! Dzo -benzoic  an kvti ride C^,lIJUJJ,  C^^Hj  O, 

Ben2o*acetic  anliyaride CnHc^Oj*  C^  Hj^  Oj 

Ctanama-acutic  anhydride?   ,     , Cj^Hj-Oj,  C^  H^  O, 

Benzo-nitro-heiiEoic  anhydride Cj^HjOj,  Ci^*^J^   [  O, 

Benao-salieylic  anhydride     . Ci^H^O,*  C,^HjOj 

Ace  to- sal  ley  lie  aahydndo C^  HjO,,  Cj^H^Oj 

Benzo-Yaloric  anliydride Ci^HjO,,  C^gII,0, 

These  eompounds  arc  liquid  at  ordinary  temperatures,  and 
ussume  the  form  of  neutral  oils,  which  are  heavier  thao  water  i  if 
left  in  contact  with  water  they  are  gradually  converted  into  a  mix- 
ture of  the  two  monohydrated  acids  from  which  they  are  derived ; 
benzo-acetic  anhydride,  for  instance,  combining  with  two  equiva- 
lents of  water^  and  forming  a  mixture  of  normal  benzoic  and  acetic 
acids.  If  it  be  attempted  to  submit  thes^e  double  anhydrides  to 
distillation^  they  l)ecome  deconaposed,  and  are  generally  resolved 
into  their  component  anhydrides.  It  is  olnious  that  the  fore- 
going list  might  be  iucreaaed  almost  indefinitely,  were  there  any 
inducement  to  add  to  the  number  of  these  compounds ;  intrin- 
sically they  are  unimportant^  but  the  interesting  point  which  \a 
hidicatcd  by  their  discovery,  is  the  fact  that  the  anhydrides  of  the 
monobasic  acids  are  really  complex  bodies,  resulting  from 
the  combination  of  two  substiinces  of  similar  composition:  the 
true  benzoic  anhydride,  or  hen  zo- ten  zoic  conipoundj  which  stands 
third  upon  the  foregoing  list,  being  jK^rfcctly  analogous,  not 
only  in  its  mode  of  formation,  but  also  in  its  properties,  to  the 
other  bodies  with  which  it  is  associated  ;  it  is,  however,  more 
stable  than  they  arCj  and  can  be  distilled  without  experiencing 
decomposition, 

(iioi)  Anhfjdndes  of  the  Dibasic  Adds. — With  the  dibasic 
acids  the  case  is  ditlerent.  The  anhydrides  of  these  comj>ounds 
can  often  be  obtained  from  the  hydrated  acnds,  by  the  simple 
application  of  heat  to  these  bodies,  or  by  distilling  them  witli  dehy- 
drating agents,  such  as  anliydrous  phosphoric  acid.  In  this 
manner,  for  instance,  chemists  have  been  enabled  to  procure  the 
following  anhydrides  of  dibasic  acids  • — 


Succinic  anliydride   Cg  H^O^ 
Malseic  •     .     .     •  Cg  HgO^, 
Tartaric       .      -     .  Cg  IliOi,> 
Pyrotartaric      .      .  C^jH^O^ 


Citraconic  , 
Lactic   . 
Phthalic     , 
Camphoric . 


sia 
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These  beitiif  iv^idnes  of  dibasic  acids  are  already  double  a^y* 
ides,  and  it  will  be  observed  that  in  every  cade  the  number  oC 
equivalents  of  eadi  eletueut  is  divisible  by  two.  Succinic  mbj* 
dtide,  for  iuatancci  may  still  be  represented  as  formed  upon  tlir 

type  of  the  double  atom  of  water  iifOu  thus  ^^rt^i^  VOjjamdllie 

same  may  be  said  of  tartaric  anhydride    *\^  ^^.  ^  i  O,,  and  indeed  of  aU 

the  others. 

It  is  worthy  of  remark,  that  these  dibasic  acids  arc  the  oclW 
adds  which  form  viuic  or  ethylic  acids^  such  as  sulpbethylic, 
o:ialethylic,  and  tartrethylic :  and  it  is  they  only  that  can 
furnish  the  amidated  acids^  such  as  the  oxamie^  tartramic^  and 
laetamic  acids.'i' 

If  iufitead  of  causing  an  oxychloride  of  a  monobasic  acid  tofl 
act  upon  one  of  the  salts  of  another  monobasic  acid  (as  when  ben-  ^ 
aoic  oxychloride  (chloride  of  benzoyl)  is  made  to  act  upon  dry 
acetate  of  potash),  the  oxy chloride  be  made  to  act  upon  tiiB 
corresponding  salt  of  a  dibasic  acid,  a  double  anhydride  is  not 
formed,  but  a  mixture  of  two  separate  anhydrides  is  the  result. 
Thus,  if  benzoic  oxychloride  be  made  to  act  upon  dry  succinate 
of  soda,  a  mixture  of  succinic  and  benzoic  anhydrides  is  ob- 
tained.    This  result  may  be  explained  as  follows  : — 

Each  equivalent  of  the  salt  of  a  dibasic  acid  contains  within 
itself  two  equivalents  of  a  metallic  oxide,  in  addition  to  the  ele- 
ments of  the  corresponding  anhydride ;  there  are  consequently  twi 
stages  in  the  reaction.  In  the  fii*st  of  these  stages  the  oxychloride 
decomposes  the  salt  into  the  atihydrous  acid,  and  into  a  new  salt  of 
the  monobasic  acid  corresponding  to  the  oxychloride  used-  and  in  the 
coud  stage,  tliis  newly  formed  salt  is  in  its  turn  decomposed  bv 

additional  quantity  of  the  oxychloride,  as  in  the  case  of  the 
monobasic  salts  where  this  latter  reaction  is  the  only  one  which 
occurs,  t     For  example : — 

Bcnxoiu  Baeefa^ 

OiyehloriJe 


a 


SuodnAte  of  BodA.  Anhydride. 


Bc«&»o»i«  ofScd^ 


Bcoiioio  Oxfchloride,      Beaiioftte  of  Soda.  BenKuc  Aiihydride. 

aadstBge;    C,,HAC1  +    NaO.  C^.H^O^   =   C^.H^O,,  C,,n,0,    +    K*aJ 

•  The  compomid  improperly  called  benznuiic  acid  (HO^  C,,H,N0*)1 
19  not  an  amidated  add  at  all  (1209),  nnd  therefore  is  no  exception  to  tluv] 
nile, 

t  trpon  Gerliftrdl'fl  theory,  the  eole  differetice  between  the  anhydridce  u,  1 
the  dibasic  and  the  monoboflio  acidB,  (for  example,  bclween  sucoixuc  and  ooetao 
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The  action  of  perchloride  of  phosphorus  upon  the  hydrated 
acids  affords  a  means  of  distinguishing  between  the  dibasic  and 
the  monobasic  acids.  In  both  cases  the  oxychloride  of  the  acid 
is  formed^  but  in  the  case  of  the  dibasic  acids  the  reaction  occurs 
in  two  stages,  in  the  first  of  which  the  anhydride  of  the  acid  is 
produced,  whilst  in  the  second  stage  this  anhydride  passes  into 
the  oxychloride;  but  with  the  monobasic  acids  there  is  only 
one  stage:  hydrated  succinic  acid,  for  example,  thus  yields  in 
the  first  place  anhydrous  succinic  acid,  hydrochloric  acid,  and 
oxychloride  of  phosphorus ;  and  in  the  second  stage  of  the  re- 
action with  an  additional  quantity  of  the  perqhloride  of  phos- 
phorus, oxychloride  of  phosphorus,  and  succinic  oxychloride,  are 
formed ; — 

Perchlor.       Suocinio  Oxychlor. 

Snooinio  Acid.  Phodph.      Anhydride.  Fhosph. 


iBt  stage ;     a  HO,  C^Ufi^  +  'PC]fi\j^=C^Hfi^      -f  PO.Cl,  +  2  HCl ; 
Sacoinio  Anhjdride.  Suocinio  Oxychloride. 

2nd  Btage  5    CgH^O,  +  PCL,C1,=C8H^04C1,  +  P0,C1,. 

Perchloride  of  phosphorus  never  yields  the  anhydride  of  a 
monobasic  acid  by  acting  upon  the  hydrated  acid ;  but  the  corre- 
sponding oxychloride  is  formed  at  once,  whilst  oxychloride  of 
phosphorus  and  hydrochloric  acid  are  liberated.     Thus : — 

Aoetio  Aoid.  Acetic  Oxjchloride. 

HO,  C4H,0',    +    PCljCl,    =    d^O^l    -f     HCl    +    PO3CI, 

(11 02)  Gerhardt's  Theory  of  the  composition  of  the  Monobasic  and 
Dibasic  Acids, — ^The  important  experiments  which  have  just  been  de- 
tailed, have  given  great  additional  probability  to  a  theory  of  the  con- 
stitution of  organic  compounds,  long  advocated  by  Laurent  and 
Gerhardt,  and  which  we  shall  briefly  explain  in  its  application  to  the 
monobasic  and  dibasic  acids.  Tlie  basis  of  this  remarkable  theory 
is^  that  the  normal  acids,  or  hydrated  acids  as  they  are  usually 
termed,  are  formed  upon  the  type  of  the  molecule  of  water,  which 

molecule  is  supposed  to  consist  of  tt  [  O :  the  equivalent  of  oxygen 


anhydrideR,  supposing  them  both  to  be  compared  with  the  molecule  of  water 

taken  as  u  >  O),  is,  that  the  two  molecules  of  hydrogen  assumed  by  Gerhardt 

to  exist  in  the  molecule  of  water,  are  displaced  in  the  dibasic  anhydride  by  a 
single  indivisible  proup  (such  as  C^^^O^  =  C^H^O^),  whilst  in  the  monobasic 
anhydride  this  displacement  is  effected  by  two  identical  groups,  (such  as 


GLH|0  :s  C4H9O,),  which  need  not  coexist  in  the  compound,  but  one  of 
|miea  Ma  be  ezohanged  for  another  similar  or  corresponding  group.  (See 
4W4  tioa.) 


or.aii.iaDT^8  tbeort  or  toutbxsic  acibs. 


hems^  double  of  that  genemlly  admitted.^      It  is   ossttinod  ihi 
hjrdrogeu  is  mcapable  of  existiB^  in  a  separate  form,  except  ju 

This  double  atom,  bo»« 


the  condition  of  the  double  atom  ^^  [ 


ooe 


ercfi   is   divisible  whe^  in    combination ;   the    di^'tsifaili^  haa^ 

evidenced    by   the  circumstiinoe  that   one    atom    (H)    adiiuli  d 

beiii^  displaced  by   an  atom   of  aome   other   body,  or  group  d 

bodic^^  which  represents  hydrogen  when  in  combination.     In  tbe 

hydrated  monobasic  acids^  such  a  substitution  is  supposed  to  hnxt 

occurred ;  acetic  hydrate  {monohydmted  acetic  acidj   being  rqat- 

C  H  O") 
aented  as     *  ,'    VO;  the  group  CilI^O  occupying  the  place  of 

of  the  molecules  of  hydrogen  in  the  atom  of  water.  If  the  place 
of  the  second  molecule  of  hydrogen  in  the  typical  atom  of  wntif 
be  occupied  by  a  metal,  a  salt  of  the  acid  is  formed  ;  tlms,  acetate 

of  potash  would  be     "„^    f  O;  in  which  a  molecule  of  potasdom 

has    been    substituted    for    the    second    molecule    of    liydnigfiL 

Further,  if  the  second  equivalent  of  hydrogen  be  displaced  by  « 

second   group,  similar  to  that  which  occupies  the  place  of  the 

first,  the  anhtfdride  of  the  acid  is  obtained ;  thus  acetic  anhydridd 

C  H  (X) 
would  be  p^TT^nl^*  '^  which  the  position  of  both   the  moleeides 

of  hydrogen  in  the  typical  atom  of  water,  is  occupied  by  the  group 

The  normal  hydrates  of  the  dibasic  acids  are  supposed  to  hare 
a  diflcretit  constitution  ;  for  in  them  a  single  indivisible  group  of 
atoms  its   considered  to  be  combined  with  a  molecule  of  water; 

auceinic  hydrate,  for  instance^  being  ,-  JO,  QH^O^jO.     When 

of  the  molecules  of  the  hydrogen  contained  in  the  basic  molecule 

of  water  is  displaced  by  a   single  equivalent  of  a  metal,  an  acid 

salt    is    formed ;    acid    succinate    of    soda,    for    instance,    being 

Na) 

-,  VO,  C^l^O^  0;  and  when  the  second  molecule  of  hydrogen  is 

displaced  by  a  second  equivalent  of  a  metal,  a  neutral  salt  of  the 
di[>a^ic  acid  is  produced ;  succinate  of  potash  aud   magnesia,  for 

instance,  being  ^   [  0,  C\ll^O^  0.     Further,  when  the  molcculf 


one 


I 
I 


♦  Gerbardt*»  double  equivalents  of  oxygen,  carbon,  and  Btilphur,  ar^  hfMV 
t  elsewhere^  represented  in  italic  eapitidi  j  thusi  0=  i6,   C' ^  ia,  ^  — j|;,i 


obrhabdt's  theort  oy  polybasic  acids. 
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of  water  is  abstracted  altogether,  the  anhydride  of  the  acid  is  left : — 

succinic   anhydride  thus   consists  simply    of  the  hydrated  acid 

HI 
deprived  of  its  molecule  of  basic    water;  xrfO,  C^H^Oj,  O,  be- 

H^ 
coming  separated  into  tj[0,  and  041X402,0. 

This  theory  has  the  merit  of  accounting  for  the  necessity  of 
forming  the  anhydrides  of  the  monobasic  acids  by  substitution ; 
whilst  it  also  explains  the  possibility  of  procuring  the  anhydrides 
of  the  dibasic  acids  by  simple  dehydration. 

In  order  that  a  clearer  idea  may  be  obtained  of  the  difference 
between  Gerhardf  s  view  and  the  one  usually  adopted  by  chemists, 
we  subjoin  an  example  of  the  application  of  the  formulae  of  both 
theories  to  acetic  acid,  which  has  been  selected  as  the  type  of  a 
monobasic  acid ;  and  to  succinic  acid,  which  may  serve  as  the 
type  of  a  dibasic  acid.* 


HooobMioAdd. 


Hydric  Acetate,  or 

Hvorated  Acetic  Acid 

fx>taiiBic  Acetate,  or 

Acetate  of  Potash 

Acetic  Acetate,  or 


Anhydrous  Acetic  Acid  C 


Ordiiuurf  View. 


HO,  C^H.O, 

ZO,  O^H.O, 

O^HjO,,  C^HjO, 


Gerhardt. 


C,H,0    o 
C,H,0 }  " 


DibMioAcid. 

Ordiaary  Tiew. 

Oerimrdt. 

Snccinic  Hydrate,  or 

Hydrated  Succinic  Acid 

Acid  Succinate  of 

Soda                  \ 

2HO.  C,H,0, 
NaO,  HO,  C.H.O, 

H 
H 
H     ' 

Na 

'■  0,  C^H^O,,  0 
0.  CtRtOr  0 

Soda 

aNaO,  C.H^O, 

Na 
Na  j 

0,  C,H<0,.  0 

Double  Succinate  of  Mag- 
nesia and  Potash 
Succinic  Anhydride    .    . 

• 

ZO,  MgO,  C,H,0, 
C.H,0. 

K    ' 
Mg 

0.  C,H,0,.  0 

*  Although  acetic  acid,  and  the  acids  of  the  series  to  which  it  be* 
longs  are  regarded  as  monobasic,  it  must  not  be  forgotten  that  a  large 
number  of  these  acids  form  acid  salts  with  potash,  such  as  biformiate,  bin- 
acetate,  and  bistearate  of  potash.  No  satisfactory  explanation  of  the  occurrence 
of  these  salts  is  afforded  on  the  supposition  that  these  acids  are  monobasic. 
The  eiaot  distinction  between  a  monobasic  and  dibasic  acid,  therefore,  slill 
nqjOOM  ftirther  researohes  for  its  elucidation. 

TAMT  III.  T 


LACTIC    ACID LACTATES. 
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I 


is  soluble  in  alcoliol  and  in  etber  :  if  heated  gradually  in 
vessels  from  which  air  is  excluded,  it  may  be  distilledj  tlioiigh 
partial  decomposition  is  apt  to  occur,  unless  the  heat  be  carefully 
regulated.  When  exposed  to  a  long-continued  heat  of  about 
266^  l'\  the  acid  gradually  loses  watery  and  is  converted  into 
CjjHioOio,  or  laciic  anJujdride^  which  is  a  yellowish,  fusible  bitter 
gubatance,  nearly  insoluble  in  \vaterj  but  soluble  in  alcohol  and  in 
ether:  by  long  contact  with  cold  water,  it  is  converted  into 
ordinary  lactic  acid  :  the  same  change  takes  place,  more  quickly, 
if  it  be  boiled  with  water. 

If  lactic  acid  be  heated  to  about  500**  F.  decomposition 
ensues ;  carbonic  acid  and  aldehyd  arc  formed  ;  while  a  volatile 
acid,  the  citraconic,  and  a  body  termed  luciide  distil  over.  Tlie  re- 
lation of  aldehyd  to  lactic  acid  is  readily  traced  :— 

Lactic  Aoid<  JJidfiliyd. 


2H0,  c^Hj^o,^  =r  4no 


4CO    +    2(C,HA)' 


Aldehyd  admits  of  being  reconverted  into  lactic  acid,  aa  will  be 
explained  when  speaking  of  alanine. 

Pelonze  also  obtained  dmiug  the  distillation  of  lactic  acid,  a 
Tolatile  liquid,  to  which  he  gave  the  name  of  lactone  (Cj^jlI^OJ  : 
it  has  a  pungent  odour,  and  boils  at  about  198^ 

Laciide  contains  (Ci2HhO^),  the  elcmcutvS  of  anhydrous  lactic 
acid,  minus  2  equivalents  of  water :  it  is  dissolved  freely  by  boiling 
absolute  alcohol,  and  crystallizes  fi*om  it  on  cooling  in  brilliant 
rhombic  prisms;  at  225"^  it  fuse-'^,  and  at  a  higher  temperature  it 
may  be  sidalimed  unchanged.  Water  dissolves  it  slowly  but  com- 
pletely, but  it  cannot  be  crystallized  from  this  solution,  since  it 
passes  at  once  into  by d rated  lactic  acid,  by  assuming  4  equivalents 
of  water.  Lactide  readily  absorbs  ammonia,  and  is  converted  into 
kctamide;  C^.^Il^O^j  -f  a  H^N  =  2  (H.N)Ci3HnjO^;  this  body  is 
isomeric  with  sarcosiue,  and  with  alanine. 

Lactates, — The  lactic  is  a  dibasic  acid :  the  lactates  are  soluble 
in  w*atcr,  but  insoluble  in  ether,  and  nearly  so  in  cold  alcohol  : 
those  of  the  alkalies  do  not  crystallize.  Neutral  and  acid  lactates 
may  be  formed  with  lime  and  with  baryta.  BUactate  of  baryta 
(BaO,  HO,  Civlln.Oio)  inay  be  crystallized  :  the  neutral  lactate 
is  vciy  soluble  in  water,  and  does  not  crystallize.  Acid  lactate 
'tijwj€  (CaO,  HO,  Cjalln^Ojo,  aAq)  crystallizes  in  radiated  needles, 
Neutrat  lactate  of  lime  ci^stallizes  in  tufts  of  prisms,  with  10 
equivalenti^  of  water.  The  lactate  of  zinc^  2  ZnO,  Ci^^Hi^^Oif,,  6  Aq, 
is  one  of  the  moat  characteristic  salts  of  this  acid ;  it  crystallizes  in 
cru*ts,  consisting  of  four-sided  prisma,  which  are  sparingly  soluble. 
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Lactate  of  copper  (CuO,  CjaHjoO^o  4  Aq)  is  only  incompletely  pre- 
cipitated by  hydrate  of  potash,  an  excess  of  which  gives  with 
it  a  deep  blue  solution  \  but  the  whole  of  the  oxide  of  copper 
ifi  separated  on  the  addition  of  an  excess  of  hydrate  of  Ume.  A 
aublactaie  of  copper  (4  CuO,  Cj^IIjoOk^)  may  also  be  obtained. 
Several  other  basic  lactates  may  be  formed,  which,  like  sublactate 
of  copper,  contain  4  equivalents  of  base. 

The  variety  of  lactic  acid  which  is  obtained  from  the  juioe  of 
flesh,  yields  salts  which  crystalline  with  a  proportion  of  water 
diflfering  from  that  contained  in  the  salts  furnished  by  the 
nary  acid.  The  acid  obtained  from  muscular  tissue,  may  be  dii 
tinguishcd  as  the  variety  tt  ;  its  salts  crystallize  with  smaller  pr 
portions  of  water  of  crys^tallization  than  those  of  the  ordinary  form  < 
the  acid,  which  may  be  distinguished  as  the  variety  (i  ;  thus 
gives  a  salt  of  zinc,  which  contains  only  4  equivalents  of  wat 
and  crystallizes  in  slender  needles ;  it  begins  to  undergo  decor 
position  below  300°,  whilst  the  salt  of  the  ordinary  acid  may 
be  heateil  to  400*^  without  experiencing  any  decomposition.  The 
neutral  salt  of  lime,  of  the  variety  a,  also  crystallizes  with  8  equity 
valents  of  water,  and  is  less  soluble  than  the  variety  /3,  which  cryd^| 
tallizes  with  10  Aq.  Similar  differences  are  observed  in  th^^ 
copper  salts ;  but  the  copper  salt  a  is  much  the  more  soluble  of^j 
the  two.  flj 

Ijactic  acid  coagulates  albumen ;  when  present  in  small  quantity  ~ 
it  does  not  curdle  milk  in  the  cold,  but  does  so  if  gently  heated. 

The  lactates,  when  heated  with  sulphuric  acid,  give  off  pure 
carbonic  oxide,  and  deposit  a  solid  brown  matter  resembling 
ulmic  acid.  By  nitric  acid  the  lactic  is  converted  into  oxalic 
acid. 

The  tests  for  lactic  acid  are  not  very  definite.  The  best  mode 
identifying  it  (whether  it  be  free  or  in  combination), consists  in  evap 
rating  the  liquid  suspected  to  contain  it,  to  the  consistence  of  a  syrup 
over  a  water  bath,  treating  the  residue  witli  alcohol,  and  adding  a 
small  quantity  of  a  solution  of  oxalic  acid  :  the  bases  are  thus  Be{] 
rated  in  combination  with  the  oxalic  acid ;  but  the  lactic  acid, 
the  CAcess  of  oxalic  acid,  remain  dissolved*    The  acid  liquid  is 
fully  neutralized  by  baryta  water,  which  causes  a   precipitate 
oxalate  of  baryta;  whilst  the  lactate  of  this  base   remains   dis- 
solved.      The  lactate  of  baryta  may  be  decomposed  by  adding  a 
solution  of  sulphate  of  lime  ;  sulphate  of  baryta  is  thus  separated* 
and  the  lactate  of  lime  may  be  crystallized  from  the  alcoholic  solu- 
tion, and  the  form  of  the  crystals  ascertained  by  the  microscope. 
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Lactic  acid  is  largely  produced  in  the  animal  body;  be^idea 
forming  an  unfailing  constituent  of  the  flnid.s  of  tlie  muscular 
tissue^  it  is  oue  of  the  acida  contained  in  the  gastric  juice,  and  in 

I  cases   of  diabetes  it  has  been  found,  by  Lehmann,  in   the   saliva. 
It  has  also  been  raet  with  in  the  urinCj  but  it  is  not  one  of  the 
normal  constituents  of  this  excretion :   it  has  likewise  been  fre- 
quently  found  in  the  sweat. 
Lactic  acid  appears  to  belong  to  a  group  of  homologous  dibasic 
acids^  consisting  of  the  following  members  : — 
Glycolic  acid      .....     2  HO,  Cg  H^  Ojo 
Lactic  acid %  HO,  Ci^Hj^jOio 
^          Acetonicacid 3  HO,  CieHi^O,^ 
^k         Leucic  acid    , 2  HO,  C^H^jOiq 
2.  Tartaric  Acid,  and  its  Derivaiives, 
(iioj)  homeric  forms  of  Tartaric  Acid, — The  remarkable  re- 
Bcarches  of  Pasteur  (Ann,  de  Chimie,  III.  xxiw  442,  and  xxviii, 
56}  upon  the  optical  and  chemical  properties  of  tartaric  acid,  have 
opened  a  new  and  important  method  of  investigating  the  molecular 
composition  of  organic  bodies.      He   has  proved  the  existence  of 
two  varieties  of  tartaric  acid,  which  may  be  distinguished  by  the 
_     peculiarities  of  tlieir   crystals.     The  crystals  of  each  variety  of 
I    tartaric  acid  are  always  unsymmetrical ;  but  the  deficit  in  symmetry 
displayed  by  the  crystals  of  one  variety,  is  exactly  the  reverse  of  tliat 

Imauif^ted  by  those  of  the  other  variety.  Each  of  these  forms  of  tar- 
taric acid  exerts  a  powerful  effect  of  rotation  upon  a  ray  of  polarized 
light;  but  the  effect  produced  by  equal  quantities  of  the  two  varieties 
of  the  acid,  though  equal  in  amount,  is  opposite  in  direction.  One 
of  the  modificatious  exhibits  a  crystalline  form,  which  is  termed 
dextrO'hemihedral ;  its  solution  prorluces  right-handed  rotation  of 
a  ray  of  polarized  light ;  this  variety  is  known  as  dediro-tartaric^ 
or  dextro-racemic  acid :  it  is  the  usual  form  of  the  acid.  The 
other  modification  is  IcevoJiemihtdral,  and  produces  a  left-handed 
rotation  of  a  polarized  ray :  this  modification  constitutes  Imvo-tar- 
taric,  or  Usvo-raceinic  acid.  The  two  acids  are  so  related  in  crya- 
talline    form,  that  if  a  salt    of    the  acid  which  is   dextro-hemi- 

rhcdral  be  held  l>efore  a  mirror,  the  refleetion  of  the  crystal 
wiU  exactly  represent  the  form  of  the  corresponding  crystal  of  the 
IiBvo-hcmihcdral  acid.  Both  these  modifications  are  exactly 
similar  in  chemical  properties,  so  long  as  they  are  combined  with 
bodies  which  exert  no  action  upon  polar izev^  light ;  but  this  iden- 
tity in  chemical  properties  disappears  when  ihey  are  united  with 


826 


BEXTRO   AND    lJEXQ-*t XRtARtC   ACID. 


bodies   eudowcd  with   rotatory  power  upon   polarized  Hglit  t 
example,    tlextro-tartaric  acid  forms  with  asparagiu  a  crystalliii 
com[X)und,  whilst  the  lsevo*tartaric  acid  forms  with  this  body  a 
glim  my  mass. 

Wiien  concentrated  soliitions  of  equal  parts  of  dextro-tartaric 
and  of  kevo-tartaric  acids  arc  mixed  together,  the  temperature 
rises  considerably  :  and  on  cooliDg,  cry&tals  of  a  different  acid  arc 
formed*  This  new  acid  is  identical  with  the paratartaric  or  racfmic 
acid :  it  has  no  longer  the  power  of  causing  the  rotation  of  a 
ray  of  polarized  light,  and  it  presents  differences  in  it«  chemical 
reactions  (i  109)  from  those  of  either  of  its  components. 

Yet,  if  the  arid  thus  ohtiiined  be  divided  into  two  equal 
one-half  being   neutralized  with  soda,  then  mixed  with  the  otl 
half  of  t!ie  acid  and  neutralized  with  ammonia,  the  solution 
eva^joriilion  will  yield  crystalsj  each  of  which  has  a  powerful  ro 
tory  action  on  polarized   light ;  but  the  erj'stalline   mass   will 
found   to  eonsiKt  of  a  mixture  of  tlie  right-banded    and  of  the     . 
lefl-lianded  doidilc  tartrate  of  soda  and  ammonia,  in  equal  propon^f 
ttous.     The  crystals  of  the  two  salta  are  recognised  by  their  oppo-^^ 
»ite  hctnihodral  form,  and  may  be  separated  by  hand.      If  all  the 
right-handed  eiy stats  be  dissolved  separately  in  water,  and  decom- 
poHcd  by  adding  a  solution  of  nitrate  of  lead,  a  precipitate  cot3 
si.sting  of  the  dextro- tartrate  of  lead    will  be  dei)osited.      Frofl 
this  precipitate  the  dextro- tartaric  acid  may  be  separated  byinea 
i>f  sidi*htunt»  acid,  and  may  be  obtained  in  crystals  on  e%*aporatioiJ 
if    llie  la*vo-bomibedral  crystals   be   treated  in  a  similar  manne 
licvo-tartarie  acid  may  also  be  procured. 

It  was  by  treating  the  natural  rat^emate  of  soda  of  ammoni^^ 
in  thia   manner,   and    picking  out  each  crystal   separately,   thdiH 
rastenr   was  eimblcd  to  prove   the    existence  of  the    two    raodi- 
iications   of  tartaj-ic   acid,   and  to  show   that  raeemie    acid    con- 
sists of  a  mixture  of  two  acids  which  exert  opposite  effects  of  rota* 
tion  on  polarized  light. 

Very  few  of  the   salts  of  raceraic    acid    thus    spontaneo' 
separate  into  the  two  different  hcmihedral  varieties  of  gryutam 
form;    the    raccmate   of  cinchonieine  (1074)    is  easily   sepaml 
into  its  component  cr>'stak,  and  the  racemate  of  qumicine 
exhibits  a  similar  property.     These  salts  may  therefore   be 
ployed   for  tlie    purpose    of   isolating    the   two  mod ifi cations    of 
tartario  acid,  when  they  occur  in  combination  :    at  a  certain  stage 
of  oonoentratiou  of  the  racemate  of  cinchonieine,  the  first  crop  of 
crystals  consiats  chiefly  of  the  Iscvo-tartrate.     When  racemate 
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quiiiiciae  is  employed,  the  crystals  which  are  first  deposited  con- 
sist mamly  of  the  dextro-tartrate. 

(iio6)  Ordinary  Tartaric  Acid,  or  Dextroracemic  Acid 
(2  HO,  C\n^Oio). — The  principal  supply  of  this  acid  is  ohtained  fi-om 
tlie  grape;  but  it  is  al^jo  present  in  the  tamarind  and  iu  tire  unripe 
berries  of  the  mountain  ash  r  it  is  likewise  frequently  met  with  in 
small  quantity  in  other  plants.  Grape  juice  contains  it  in  the  form 
of  bitartrate,  or  as  it  is  sometimes  called^  supertartrate  of  potash, 
constituting  the  crust  or  tartar  which  is  deposited  in  the  vessel  in 
which  the  wine  is  kept. 

Preparaliotu — In  order  to  prepare  the  acid,  crude  tartar  is 
dissolved  in  boiling  water,  and  chalk  is  added  so  long  as  efferves- 
cence occurs,  4  parts  of  tartar  requiring  about  I  part  of  chalk  ;  an 
insoluble  tartrate  of  iirae  is  thus  precipitated,  and  neutml  tartrate 
of  potash  remains  dissolved.  Tartaric  acid  being  dibasic,  the  change 
which  occurs  m*iy  }>e  thus  represented  : — Two  equivalents  of  bitar- 
trate  of  potash  react  upon  two  equivalents  of  cai'bonatc  of  lime,  and 
form  one  equivalent  of  dibasic  neutral  tartrate  of  lime,  and  one  of 
dibasic  neutral  tartrate  of  potash;  thus  : — 


BiUrtrate  of  F^tiisb. 


CartxinAtr  of  Linn»* 


3  (KO,  HO.  C,H,0,.) 

TuinUofLiiike. 


2  (CaO.  CO,)  yield 

Tnrlr«t«  of  Poi»«h. 


2  CaO,  C,H,0,„  4-      2  KO,  QJip,^  . 

Tlic  tartrate  of  potash  in  s<:>lution  may  be  decomposed  by  the  addi- 
tion of  an  equivalent  quantity  of  chloride  of  calcium,  and  the  whole 
of  the  tartaric  acid  may  thus  be  separated   as  tartrate  of  lime. 

TAftf »i<«  of  PotMh.  Tftrfcrai«  of  Litns. 

aKO,  C^HAa     +     3CaCl     =     2  KCl      -f      a  CaO,  C.H.O,^  . 

The  product  of  the  two  operations  is  well  washed,  and  digested 
with  oil  of  vitriol  diluted  with  6  or  8  times  its  weight  of 
water :  for  every  5  parts  of  tartar  3  parts  of  concentrated  sulphu- 
ric acid  arc  required ;  the  solution  is  allowed  to  digest  at  a  gentle 
heat,  sulphate  of  lime  is  formed,^  and  tartaric  acid  set  free.  Vk  hen 
cool,  the  liquid  is  filtered,  evaporated  in  leaden  vessel^!*  to  the  con- 
sistence of  synip,  and  allowed  to  crystallize;  the  formation  of 
crj^stals  is  favoured  by  the  presence  of  an  excess  of  sulphuric  acid. 
Properths, — The  acid  thus  obtained  assumes  the  form  of 
oblique  rhombic  prisms ;  when  pure  they  are  colourless,  transpa- 
rent, and  permanent  in  the  air.  Tartaric  acid  is  very  soluble  in 
water,  in  alcohol,  and  iu  wood  spirit ;  it  has  a  sharp  agreeable  acid 
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ta/*te.     If  heated  with  the  caustic  alkalies  water  is  expelled,  and 
oxalate  and  acetate  of  the  base  are  formed — 

Tart  ttm  Acid.  Ac«Ute  of  FoUfth,         OzAUte  of  Pot  nak. 


I 


aUO,  C,H^O,„  ^  3  (%0.  HO)  —  KO.  C.Hpa  +   a  KO,  C,0,  -f  6  HO. 

Its  aqueous  solution   becomes    mouldy  when  long  keptj  and  ia 
slowly  converted  into  acetic  acid.  ^M 

The  crystals  of  tartaric  acid,  when  gently  heated,  become  as  ^^ 
strongly  electrical  as  those  of  tourmaline.  Its  solutions,  par- 
ticularly when  hotj  exert  a  powerful  right-handed  rotation  upon  a 
ray  of  polarized  light.  When  tartaric  is  Iwiled  with  nitric  acid, 
oxalic  acid  is  formed,  together  with  an  acid  homologous  with  the 
malic*  Tartaric  acid  exhibits  considerable  tendency  to  combine 
with  oxygen.  If  it  be  boiled  with  peroxide  of  lead  it  undergoes 
decomposition,  water  and  carbonic  acid  being  produced,  whilst 
formiatc  of  lead  remains  in  the  solution  : — 

TarUhc  Acid.  Furiiii«t«<  of  Lefid.  CurhoiiMa  of  Ltsadt, 


HoTfl 
vhen  ™ 


2  HO,  C,H,0,p  +  6  PbOg  =  a  (PbO,  CjHO,)  +  4  (PbO,  CO.)  -j-  4  HO. 
The  salts  of  silver,  of  gold,  and  of  platinum  are  also  reduced  whea 
boiled  with  tartaric  acid.  1 

Tartaric  acid  is  extensively  used  by  the  calico  printer  and  dyer  ^M 
for  the  removal  of  certain  mordants  from  particular  portions  of  ^1 
the  cloth.  It  is  also  used  in  the  preparation  of  efl'erveseiug  draughts  ^j 
with  the  bicarbonates  of  the  alkalies.  ^M 

(1107)  Tarfnden, — The  tartaric  is  a  dibasic  acid,  and  it  con- ^1 
eequently  has  a  strong  tendency  to  form  double  salts,  three  varieties 
of  which  may  be  distinguished  : — 

Salts  which  contain  protoxides  only;  such  as — 
RochcUe  Salt,  .  .     KO,  NaO,  C^liPio,  8  Aq 

Cream  of  Tartar,       .  .      KO,  HO,    CeH^Ojo 

TartrateofCopperandPotash,  KO,  CuO,  QlIAo 
Salta  which  contain  both  protoxides  aud  sesquioxides,  but 
in  which  the  sesquioxide  is  combined  with  the  same  proportion  of  j 
acid  as  the  protoxide ;  such  as— 

Tartrate  of  potash  aud  iron    .     .     ,  KO,  Fe^O^,  CgH^OiQ 
Tartrate  of  potash  and  chrome    .      .  KO,  Cr^Og,  CgH^Oio  +  7  Aq 
Tartrate  of  potash  and  uranium  ,      .  KO,  U^O^,   Cgll^O^o  -f  2  Aq 

3.  Salts  analogous  to  tartar  emetic. 
Tartar  emetic,  or  tartrate  of  potash)    „^    ^ji  r\     r*  tt  r\ 

and  antimony     .....    j   ^^'  ^^'^^^  ^.^4pm  + 
Tartrate  of  silver  and  antimony  ,      .  AgO,  SbOg,  Cgll^Oio 
Kcutral  tartrate  of  antimony  ...       a  (SbOg),  CbH^Oi,^  -|-  2  Aq  j 
Tartrate  of  potash  and  boracic  acid  .   KO,  BO.,^,     ChHiOjo 
Tarti-ate  of  potash  and  arsenious  acid  KO,  AsO^,   C^Jll40i(,  -f  5  Aq, 


I. 


2. 
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The  salts  of  ilm  third  clasa^  witli  the  exception  of  the  com- 
pound  with  arseuious  acid,  are  remarkable  for  the  property 
vhich  they  possess   when   apparently  anhydrous,   of  losing  two 

additional  equivalents  of  water,  bo  as  to  present  a  composition 
which  may  be  regarded  as  presenting  a  certain  resemblance  to  that 
of  tartaric  anhydride  (Gerhardt)  t  Sb  Oj  (or  its  equivalent  repre- 
aentative  BO.^),  being  able  to  occupy  the  position  of  i  equivalent 
of  hydrogen  in  the  comiK>nnd  ;  thus  : — 

Ai  ordinary  Umperatureg, 
Tartan'p  acid  .......     coniivta  of    Q^^O^^ 

N eut ml  tartrate  of  untimony    ,  „  ^t^^A  i  (SbOj)0|j  jAq 

Tartar  emetic     ......  „  C,FI,K  (SbOjlO,,  Aq 

Tartrate  of  silver  and  antimony  »,  Cgn^Ag(8hOj)Oj, 

Tartrate  of  potash  and  boracic  acid      „  C^H^K  (BOj  Oj, 

Mat  when  heated  they  itecome,  respectivelg  ; 

Tartaric  aahyUrid© ,    .    .     CgM40,^, 

Keutral  tartrate  of  antimony  at  374**  ,     ,     .     C^Hj    2  (SbOj)  Oi^ 

Tartar  emetic  dried  at  391° C^H^K  (SbO,)  O,^ 

Tartrate  of  eilvcr  and  antimony  at  330°    ,     .     C^H,Ag  (SbO,)  O,^ 
Tartrate  of  potash  and  boracic  acid  at  506*^  .     Q^TiJL  (BOj)    O,^ 

Tartrate  of  Potash  (2  KO,  CaH^Om)  crystallizes  readily  ;  it  is 
somewhat  deliquescent,  and  very  soluble.  The  bitartrale  of  potash 
(KO,  110,  Cj^ll^Oi,,)  is  the  ordinary  source  of  the  compouiuk  of 
tartaric  acid  :  it  constitutes  the  crude  tartar  or  argol  of  comiueree, 
and  is  gradually  deposited  from  all  winea,  forming  a  crust  upon 
the  inside  of  casks  in  which  the  wine  is  stored.  This  salt  is  very 
sparingly  soluble  in  cokl  water,  of  which  it  requires  about  j8o 
parts  for  solution ;  boil  in  g  water  dissolves  about  one- sixth  of  its 
weight  of  it^  and  deposits  the  salt  in  oldique  rhombic  prisms,  which 
when  pure  are  of  snowy  whiteness,  forming  common  cream  of 
tartar.  It  produces  a  gritty  sensation  under  tlic  teeth,  and  has  a 
sour  taste.  AYhen  heated  to  redness  in  covered  vessels  the  ncid  is 
decomposed,  and  a  changed  mass  remains,  consisting  of  carbonate 
of  potash  and  unconsumed  carbon;  this  product  is  often  used  in 
tlie  laboratory  under  the  name  of  hlark  finx.  If  the  salt  be  calcined 
with  twice  its  weight  of  nitre,  whUe  flux  is  obtained;  in  this  opera- 
tion the  carbon  of  the  organic  acid  is  completely  burned,  and  car- 
bonate of  potash  is  left. 

Tartrate  of  Potash  and  Soda,  {KO,NaO,CJl40jo,  8  Aq.)— The 
equivalent  of  basic  water  may  be  displaced  from  cream  of  tartar  by 
soda,  and  then  a  double  salt,  often  called  Roche  fie  salt,  is  produced  : 
it  forms  large  beautiful  crystals  which  have  the  appearance  of  six- 
sided  prisms,  one  half  of  which  only  is  developed.  The  tartrates  of 
linke,  ban/taj  and  ma(/f/esia  are  t«paringly  soluble.  Iron  forms  with 
potash  and  ammonia  double  tai^trates  which  are  used  in  mediclufi,  \ 
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the  potash  salt  when  dried  at  2 1  s""  is  anhydrous :  the  ammoniacal 
salt  has  the  formula  (Il^NO,  FcaO^,,  Cj^ll^Oj,,  -f-  4  or  j  Aq). 

BuroUirtrateof  Palitsh;  Soluble  Tartar  (KG,  hO^  CgH^Oio;  at 
112°). — ^Wben  I  part  of  Ijonicic  acid,  2  parts  of  cream  of  tartar,  and 
24  of  water  are  heated  together,  a  solution  is  formed  which  on  eva- 
poration to  dryness  and  treatment  with  alcohol  (in  order  to  remote 
the  excess  of  boracic  acid)  furnishes  the  foregoing  compound^  ia 
the  form  of  a  white  non-crystalline  |K)wder,  which  is  insoluble  in  I 
alcohol,  but  very  soluble  in  water;  it  becomes  anhydrous  at  212**|| 
and  if  heated  to  560*^  it  loses  2  more  equivalents  of  water,  like  | 
tartar  emetic  under  similar  circumstances.     This   salt   has  been 
employed  medicinally  as  a  purgative. 

Tartrates  of  Antimoni/,—-Se\eTnl   tartrates  of  antimony  may 
be  formed.     The^e  salts  are  remarkable  for  the  property  wliicli 
they  jio^sess,  when  apparently  anhydrous,  of  losing  2  equivalents  of  I 
water  so  as  to  present  a  comi>osition  corresponding  to  that  of  tar- 
taric anhydride.    The  most  important  of  these  compoimds  is  known 
as  tarirtrized  milhnontj  or  tartar  emetic  (KO,  SbOg,  CgH^Ojo,  Aq}j  ^ 
which  has  long  been  extensively  used  in  medicine.  Tartar  emetic  may  ™ 
be  prepared  in  various  ways  ;  one  of  the  best  is  the  following: — 
3  partd  of  oxide  of  antimony  (obtained  by  boihng  to  diyness  sulphuric 
acid  upon  metallic  antimony  in  an  iron  ladle)  are  mingled  with  4  ^ 
parts  of  cream  of  tartar,  and  made  into  a  thin  paste  with  water,  f 
This  mixture  is  allowed  to  digest  for  some  hours,  and  is  then  bcjiled 
with  6  or  8  parts  of  water.     The  solution  thus  formed  is  filtered 
while  hot,  and  allowed  to  ciystallize:  as  the  liquid  cools  the  salt 
is   deposited  in  the  form  of  square  prisms,  the  primary   form  of 
which  is  an  oetohedron,  with  a  rhombic  Imse.     Tartar  emetic  is 
soluble   in   about    15  parts   of  cold  water;   its  solution   slightly! 
reddens  litmus.      This  salt  is  slightly  efflorescent;  when  dried  at] 
2,1%^  it  becomes  anhydrous,  and  when  heated  to  400°  it  loses 
additional    equivalents  of  water,  and    then   has  a  composition 
KG,  SbO;,,  CyH.Oj^ ;   if  this  body  be  re-dissolved  in  water,  it  fur* 
nislies  ordinary  tartar  emetic,  A  solution  of  tartarized  antimony  acta! 
as  a  violent  emetic  and  cathartic  poison.      Sulphuretted  hydrogcsil 
thrown  down  hydrated  sulphide  of  antimony  from  it,  and  the  alka- 
lies and  their  carliouatcs  occasion  a  precipitate  of  oxide  of  antimony* 

The   place  of  the  potash  in  ordinary   tartar  emetic  may 
supplied   by  soda,  ammonia,    oxide   of  silver,  and  oxide  of  lead| 
the  lead  and   silver  salts  thus  formefl    lose  2  equivalents  of  wat 
at  a  high  temperature  in  the  same  manner  as  the  potash  salt. 

A  compound  similar  to   tartar   emetic  may   be  formed  wit 
•wenious  acid  (KG,  AsO^,  C^Hp^j^). 
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The  mother  liquors  from  which  tartar  emetic  has  been  prepared, 
often  deposit  a  compound  which  may  be  crystallized  %vith  ditlicuUv, 
in  oblique  rhombic  prisms  [KO,  SbOg,  2  HO,  2  (Cgll^Onj)  5  Aq. ; 
Knapp]:  it  is  a  combinatioii  of  tartar  emetic  with  an  additional 
equivalent  of  tartaric  acid,  Kiiapp  has  also  obtained  a  compound 
of  tartar  emetic  with  cream  of  tartar,  [KO,  SbOj,  CgH40io  +  3(KO, 
HO,  Cj^H^Oto)]  by  boiling  5  parts  of  tartai'  emetic  Mdth  8  of  cream 
of  tartar,  and  a  small  quantity  of  water:  it  is  deposited  in 
sparingly  soluble  pearly  scales.  If  oxide  of  antimony  be  dissolved 
in  tartaric  acid,  the  addition  of  alcohol  in  excess  occasions  the 
separation  of  a  gi*anidar  white  precipitate,  which,  according  to 
Berzelius,  has  a  composition  represented  by  the  formula  2  SbOjj, 
C^H^Ojo,  2  Aq.  According  to  Peligot  an  acid  tartrate  [3  HO, 
SbOy,  2  (CyHjOi^y)  5  Aq]  may  be  obtained  in  large  crystals  from  a 
solution  of  oxide  of  antimony  in  excess  of  tartaric  acid. 

Tlie  presence  of  tartaric  acid  in  sohition  is  detected,  if  the 
liquid  be  moderately  concentrated,  by  the  fuldition  of  chloride  of 
potassinm ;  a  few  drops  of  free  hydrochloric  acid  must  also  be 
added  if  the  solution  be  neutral;  under  these  circumstances  a 
sparingly  soluble  bitartrate  of  |K>tash  falls,  the  quantity  of  which  is 
much  increasefl  by  briskly  stining  the  mixture.  With  salts  of 
silver  a  sparingly  soluble  tartrate  of  silver  is  formed.  This  pre- 
cipitate  when  placed  on  platinnra  foil  swells  up  on  the  application 
of  heat,  and  leaves  a  residue  of  pure  silver.  A  solution  of  sulphate 
of  lime  is  not  precipitated  by  solutions  of  the  tartrates. 

The  presence  of  tartaric  acid  in  a  solution  which  contains  salts 
of  iron  or  of  copper  prevents  the  precipitation  of  the  oxides  of  these 
metals  on  the  addition  of  an  alkali.  Thii*  property  is  sometimes 
taken  advantage  of  in  the  operations  of  analyt^i"*. 

The  tartrates  when  heated  strongly  lK*come  blackened  and 
are  decomposed,  emitting  an  odour  of  liurnt  sugar. 

(1108)  Action  of  heat  on  Tartaric  Acid. — The  action  of  heat 
upon  tartaric  acid  is  remarkable.  If  heated  to  about  340"*  it 
fuses,  and  without  losing  weight  is  changed  into  two  metameric 
acids,  THcfatartaric  and  isoiartaric  acids.  Metatartaric  acid  forms 
a  deliquescent  uucrystal livable  mass  :  it  is  dibasic,  Init  its  salts 
are  more  soluble  than  the  ordinary  tartrates,  into  wliich  they  are 
translbrnied  by  boiling  their  solutions. 

Isotartaric  acid  (HO,  ChH-Ph)  assumes  the  form  of  a  vitreous 
deliquescent  mass.  It  is  a  monobaj^ic  acid,  and  forms  salts,  which 
are  isomeric  with  the  bitartrates,  but  are  much  more  soluble ;  by 
boiling  their  solutions  they  become  converted  into  ordinary  bitar* 
tratcs. 
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mA  ^  •■•»*  to  374"^,    it  fuses ;    two  equira- 
^a^  ^mm  tfiiTaleat  of  water,  and  thus   become 
^gm  maa^  tsoied  by  Fremy  the  tartralic.     In 
,  tbe   mass  is  dissolTed  in  water 
of  baryta ;  a  soluble  tartralate  of 
«iik  any  undecompased  tartaric  acid  remains 
qf  111  insoluble   tartrate  of  baryta.     Aqueous 
idid  and  of  its  salts,  if  boiled,  pass  quickly 
^Htzik^y  and  the  same  change  takes  place  more 
Mnperatures.    If  tartaric  acid  be  kept  longer  in 
^  J^meac  water  is  expelled^  and  tartrelic  acid  is  formed, 
%  ^ropy   precipitate    with  salts    of    baryta.      The 
^1  dr$cribed  are  probably  mere  combinations  of  the 
miik  the  crystallized  tartaric  acid    in    different  pro- 
If  the    temperature   of    the   fused   tartaric    acid   be 
MMtttaiued  for  some  time  at  374^  all  its  basic  water  is 
and  anhydrous  tartaric  acid  remains  in   the  form  of  a 
mass ;   iu  order  to  remove   any  unchanged  tartaric 
*  be  washed  first  with  cold  water,  and  then  with  alcohol, 
wkic^  it  should  be  dried  in  vacuo.     It  is  insoluble  in  water, 
and  ether,  but  if  allowed  to  remain  long  moist  it  gradually 
soluble,  and  is  converted   into  crystallized  tartaric  acid, 
bi»t  three  acids  present  a  relation  somewhat  analogous  to  those 
varieties  of  phosphoric  acid  ;  for  instance,  if  they  be  compared 
3   equivalents  of  tai'taric  acid,  the  relations   will  be  thus 
tttetl  : — 

Anhydrous  tartaric  acid    ,     ,  CigHi^Oao 

Tartrelic  acid 2  HO,  Ciell^Oao 

Tartralic  acid 3  110,  C^^U^^ 

Cr}'st  alii  zed  tartaric  acid  .  ,  4  l^Oj  Ci^HgOgo 
By  hentiug  crystallized  tartaric  acid  to  about  400''  in  a  retort, 
wcvX  liquor  distils,  which  contains  acetic  acid,  and  a  new  acid 
uiixl  pyruvic  or  pyroracetJtk  acid  (2  110,  Ci2Ht,Oio).  It  forms 
iuMiluljlc  salt  with  lead,  and  a  sparingly  soluble  one  with  silver. 
iPyruvic  acid  is  characterized  by  the  production  of  a  red  solution 
■I  mixed  with  a  solution  of  a  proto&alt  of  iron.  If  its  salts  be 
Jured  in  the  cold,  they  are  crystallizable  j  but  if  the  acid  bo 
urated  with  bases  at  a  high  temperature,  the  salts  are  gummy  and 
t  crystallize.  During  the  distillation  of  tartaric  acid,  a  quantity 
second  new  acid  is  also  formed ;  it  crystallizes  in  obhque 
ibic  prisms,  and  has  received  the  name  of  pyi'otariaric  acid 
*  t'njII^jOJ  ;  it  contains  two  equivalents  of  carbonic  acid  less 
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than  the   pyi-uvic.      Pyrotaxtaric  acid   is   dibasic,  it   forms   both 
neutral  and  acid  saltii;  the  latter  crj^stallize  with  facility, 

(i  109)  Racemic,  or  Paratartaric  Acid  (2  HO,  C^H jO,^-|-  2  Aq)- 
Sorae  varieties  of  the  giBpe,  particularly  those  grown  in  the  Vosges 
district,  present  a  singular  modification  of  tartaric  acid,  which  ia 
metameric  with  the  tartaric  acid,  and  equal  amounts  of  the  two 
acids  saturate  equal  quantities  of  the  same  base.  This  acid,  as  has 
been  already  stated  (1 105),  is  plainly  a  compound  of  dextro-tartaric 
and  Ifcvo- tartaric  acids ;  it  is  without  action  nj)on  polarized  light. 

Racemie  acid  generally  accompanies  tartaric  acid  in  greater  or 
less  quantity.  It  is  obtained  from  the  racemate  of  lime  by  a 
process  precisely  similar  to  that  used  for  procuring  tartaric  acid 
from  the  tartrate  of  lime*  Racemie  acid  crystallizes  more  readily 
than  the  tartaric  in  efflorescent,  oblique  rhombic  prisms,  which 
contain  two  equivalents  of  water  of  crystallization;  this  water  is 
expelled  by  a  temperatm*e  of  212*^»  Racemie  acid  is  less  soluble 
in  alcohol  than  tartaric  acid,  and  precipitates  solutions  of  sulpliate 
and  nitmte  of  lime  as  well  as  those  of  chloride  of  calcium ;  tlie 
racemate  of  lime  is  soluble  in  hydrochloric  acid,  and  is  precipitated 
unchanged  on  adding  ammonia.  These  reactions  distinguish  it  easily 
from  tartaric  acid.  When  heated,  racemie  acid  loses  water  and 
forms  acids  corresponding  with  the  tartralic  and  tartrelic ;  it  may 
iJtimately  be  rendered  anhydrous :  the  products  of  its  distillation 
are  the  same  as  those  of  tartaric  acid.  With  antimony  it  forms 
a  salt  which  corresponds  to  tartar  emetic,  but  it  crystallizes  in 
radiated  tufts  of  needles,  not  in  octohedra.  The  ordinary  salts  of 
racemie  acid  occur  in  symmetrical  crystals,  and  with  the  exception 
of  the  double  racemate  of  soda  and  ammonia  and  of  the  racemate 
of  cinclionicine  and  quiniciue,  they  are  not  hemihedral, 

(1110)  Conversion  of  Tartaric  into  Racemie  Acid,^ — -Pasteur  has 
succeeded  in  converting  both  the  varieties  of  tartaric,  into  racemie 
acid :  for  this  purpose  either  the  dextro-tartrate  or  the  lievo-tartrate 
of  cinchonia  is  exposed  to  a  gradually  rising  temperature ;  the  salt 
first  becomes  converted  into  tartrate  of  cinchonicine ;  if  the  heat 
be  continued,  the  cinchonicine  loses  water,  it  becomes  coloured, 
and  is  transformed  into  quinoidinc.  At  the  same  time  the  tar- 
taric acid  also  becomes  modified,  and  after  it  has  been  exposed  to 
a  temperature  of  340*^  for  five  or  six  hours,  a  portion  of  it  is 
changed  into  racemie  acid.  The  black  rc&inoid  mass  into  w^hich 
the  salt  has  been  converted,  is  treated  with  boiling  water,  and  the 
liquid  thus  obtained  is  mixed  with  an  excess  of  cliloride  of  calcium 
by  which  the  whole  of  the  racemie  acid  is  precipitated  in  the  form 
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of  raccraatc  of  lime,  from  which  the  acid  may  readily  be 
trtictcd*  Duriug  the  process  of  coavcrting  the  tartrate  of  cin- 
chouia  into  the  racemate,  another  modificatiou  of  tartaric  acid  is 
formed ;  it  has  been  termed  by  Pastern*,  inactive  tartaric  acid^  in 
allusion  to  it«  want  of  action  upon  polarized  light.  It  crystallises 
beautifully^  aud  forms  crystalliaable  salts.  This  inactive  add  is 
distingttished  from  racemic  acid  by  the  circumstauce,  that  it 
does  not  admit  of  being  resolved  Into  dextrotartaric  aud  hEevotar- 
taric  acids. 

The  following  are  the  modifications  of  tartaric  acid  which 
at  present  known : — 

I.  Tartaric  aidiydride  (insoluble)  .      ,  Cj^H^Oi^) 

a.  Dextrotartaric  acid 2  HO,  C^H^Oi^ 

3.  Lscvotartaric  acid 2  HO,  C^^H^Oio 

4.  Racemic  acid 2  HO,  CaHiOio 

5.  Inactive  tartaric  acid      .     ,      ,     »  2  HO,  C^H^Oio 

6.  Metatartaric  acid      ,     .     .     *     .  3  HO,  CsH^Gio 

7.  Isotaitaric  acid HO,  CgHsOn 

8*  Tartralic  acid HO,  CgH^ip 

9.  Tartrelic  acid       ......  liHO,  CgHpi^j. 

3,    Malic  Acid  J  and  its  Derivatives, 
(1  111)  Malic  Acid  (2  HO,  CgH^Oa). — This  acid  ia  extensirely 

diffused  through  the  vegetable  kingdom ;  it  occurs  abundantly  in 
most  acidulous  finiits,  particidarly  in  unripe  apples,  gooseberries, 
and  curmnt»,  in  which  it  is  accompanied  by  citric  acid.  The 
footstalks  of  the  garden  rhubarb  also  contain  it  in  considerable 
quantity,  mixed  with  oxalic  aud  phosphoric  acids,  and  they  furnish 
a  convenient  source  of  malic  acid  ;  but  it  is  usually  extracted  from 
the  luiripe  berries  of  the  mountain  ash.  The  dried  leaves  of  the 
tobacco  plant  are  also  rich  in  bimalate  of  lime. 

In  order  to  obtain  the  acid,  the  expressed  juice  either  of  the 
mountain  ash  l)erries  or  of  the  leaf  stalks  of  the  rhubarb,  is  nearly 
neutralized  with  milk  of  lime,  and  a  certain  quantity  of  chloride 
of  calcium  is  added  in  order  to  decompose  the  malate  of  potash 
which  always  accompanies   the  free  acid.     A  precipitate   is  thtia 
formed  wliieh  cou tains  the  citric,  phosphoric,  and  tartaric  acids  in 
combiuatiou  with  lime.     The  liquid  must  be  left  with  a  feeble  sicid  | 
reaction,  in  order  to  avoid  the  subsequent  precipitation  of  the  colour- 
ing matter.    The  clear  solution  is  then  to  be  filtered,  and  ilie  filtrato  J 
boiled  for  several  hours :  neutral  malate  of  lime  is  thus  gradually 
separated  in  the  form  of  an  insoluble  powder.    After  this  precijutatc  J 
haa  been  washed  with  cold  water,  it  is  to  be  added  in  small  portions  J 
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at  a  time,  so  long  as  it  continues  to  be  dissolved,  to  liot  dilute 
nitric  acid  (containing  one  part  of  acid  to  ten  of  water).  The 
liquid  thus  obtained  m  to  be  tiltercd,  and  set  aside  to  crystallize : 
well-detined  crystals  of  bimalate  of  lime  are  tlicn  deposited.  The 
bimalate  thus  obtained,  may  be  purified  by  treating  it  with  animal 
charcoal  and  recrystalliziug  it  from  water.  Its  solution  may  after- 
wards be  converted  into  mulate  of  lead  by  t!ie  addition  of  acetate 
of  lead,  and  the  malate  of  lead  when  decomiKDscd  with  sulphuric  acid, 
yields  free  malic  acid,  from  whicli  tlie  last  traces  of  lead  may  be 
removed  by  means  of  sulphuretted  hydrogen* 

Properties^ — The  aqueous  solution  of  malic  acid  when  evapo- 
rated to  the  consistence  of  syrup  and  left  in  a  warm  place,  gra- 
dually deposits  radiated  masses  composed  of  brilliant  foiu*  or 
sii^-sided  prisms.  They  are  deliquescent  in  a  moist  air,  and  are 
ooluble  ill  alcohol;  when  heated  they  undergo  fusion  below  212^, 
Malic  acid  has  a  very  sour  taste ;  its  solution  unless  quite  pure 
becomes  mcftiJdy  and  viscid  when  kept. 

Malic  acid,  when  heated  to  350**  is  decomposed,  water  is 
expelled,  and  two  isomeric  acids,  the  malmc  and  the  fumaric, 
are  formed,  and  at  the  same  time  malaeic  anhydride  is  obtained  i — 

MslBvk  AcifL  Fam»ne  Add,  M«l«io  Add. 

3  (3  HO,  C,H^    =    4  HO    +     3  HO,  C^H^,    +    rio,  C,H,Ob. 

Hydrated  malseic  acid  when  maintained  in  a  state  of  fusion  at 
300°,  is  converted  into  a  crystalline  mass  of  fuuiaric  acid.  If  dis- 
tilled by  a  temperature  suddenly  elevated  to  4(^0'^,  mala?ic  anhy- 
dride is  formed.  Sulphuric  acid,  when  heated  with  malic  acid, 
decomposes  it  and  liberates  carbonic  oxide.  Nitric  acid  converts 
it  first  into  fumaric  and  then  into  oxalic  acid. 

When  malic  acid  is  fused  with  Iiydrate  of  potash  at  a  tempera- 
ture of  300°,  hydrogen  is  disengaged^  and  oxalate  and  acetate  of 
potash  are  formed  :— 


M«lit*  AHi. 


OxaUte 

of  FoUah. 


AceUte 
of  FolMh, 


3  HO,  CJI^Og  -h  3(K0,H0)  =  2  KG,  Cfi^  +  KO,  C.HjO,  -f-  4nO  +Hi. 

(11 1 2)  Malates. — The  malic  is  a  dibasic  acid,  and  has  a 
strong  tendency  to  form  acid  salts.  The  bimalate  of  ammonia  and 
the  bimalate  of  lime  arc  readily  obtained  in  large  regular  crystals ; 
but  its  most  characteristic  salt  is  the  malaie  of  lead  (2  PbO, 
C^H^Oy,  6  Aq)»  which  when  fir:st  precipitated  is  amorphous,  but  if 
left  in  the  li<iiud,  becomes  converted  into  radiated  tufts  of  silky 
needles.  It  is  fusible  into  a  pasty  mass  at  a  temperature  below 
that  of  boiling  water.  Malic  acid,  like  the  tartaric,  prevents  the 
eeipitation  of  iron  from  its  solution  by  the  alkalies.     Malic  ^uc!n^ 
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gives  no  precipitate  with  lime  water,  either  when  cold  or  hot ;  bat, 
by  evaporation  of  the  liquid,  a  crystallized  malate  of  lime  is  pro- 
duced, which  19  dissolved  by  lx)iliiig  water.  These  characters  dis- 
tinguish the  malic  from  oxalic,  tartaric,  racemic^  and  citric  aci^ 
Most  of  the  malates  are  soluble  in  water,  but  not  in  aloohoL  Man; 
of  the  malates,  such  as  those  of  lime  and  baryta,  when  heated 
400^,  lose  two  equivalents  of  water,  and  become  converted  into 
fumarates,  from  which  fumaric  acid  may  be  obtained  in  charac- 
teristic broad,  slender,  sparingly  soluble,  striated  prisms, 

Bimalaie  of  Ammonia  (Il^NO,  HO,  C^H^Og)  is  readily  obtained 
by  dividing  a  solution  of  maJic  acid  into  two  equal  jxjrtions,  exactly 
neutralizing  one  with  ammonia,  and  then  adding  to  it  the  other 
portion  of  the  acid ;  on  eva|>oration,  brilliant  right  rhombic  prisms 
are  formed.  Bimalate  of  ammonia,  when  submitted  to  distil- 
latton,  is  converted  into  a  brick- coloured  powder,  termed  /« 
marimide : — 

BimftUtfi  of  AmmoutA,  Fuinjuittiid«. 

H,NO,  HO,  C,H,0^    ^    C.H^NO^    +    6  HO. 

Bimalate  of  Lime  (CaO,  HO,  CgH^Og,  8  Aq).— This  salt  is  ob- 
tained in  beautiful  transparent  rhombic  prisms,  by  dissohing  the 
neutral  malate  of  lime  in  hot  dilute  nitric  acid,  and  allowing  the 
solution  to  eooh     It  is  sparingly  soluble  iu  cold  water. 

The  nmirai  malnte  of  lime  exists  in  two  modifications :  one  of 
these  (2  CaO,  C^II^O^,  4  Aq)  is  readily  soluble.      It  is  obtained  byj 
neutralizing  malic  acid  or  the  bimalate  of  lime  with  mUk  of  limej 
the   solution   may   be  evaporated   at  ordinary  temperatures,  and 
deposits  large  brilliant  crystaUiuc  plates.     If  the  solution  of  this  ^ 
salt   be  boiled  for  some  hours,  it  gradually  deposits  a  sparingly 
soluble,  granular,  crystal] ine  powder,  which  when  analysed  is  found 
to  contain  only  two  equivalents  of  water  of  crystalUzation,  but  has 
iu  other  respects  the  satne  composition  as  the  soluble  malate.    The 
soluble  form  of  malate  of  lime  may  also  he  obtained  with  five  and 
with  six  equivalents  of  water.      If  malate  of  lime  be  placed  beneath 
a  layer  of  water,  in  a  vessel  loosely  covered,  it  gradually  undergoes 
decomposition,  carbonic  acid  is  diseugaged,  and  a  mixture  of  lactic 
acetic,  and  succinie  (uSi)  acids  is  formed.    Tliis  change  is  mxeU 
rated  by  the  addition  of  a  small  quantity  of  yeast  to  the  mixture : 

Mtlic  Aeid,  Snccinif"  Acid,  AoHia  Acid, 

3  (3  HO^  C^H^OJ)  =  i(aHOrC«H,OJ  +  ioTcji^,  +  4  CX),  4-  aHO? 

Malate  of  zinc  (iZuO,  CgH^Og,  6  Aq)  is  sparingly  soluble 
in  cold  water,  but  is  taken  up  by  ten  times  its  weight  of  boiling 
Water ;  shorty  rectangularj  brilliant,  very  hard  prisms  are  deposited 
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as  it  cools.  A  bimalate  of  zinc  (ZnO,  HO,  CgH^Og,  4  Aq)  may 
also  be  obtained  in  octohedral  crystals. 

Besides  the  neutral  malate  of  lead,  a  basic  malate  (4  P1)0, 
CgH^Og)  may  be  obtained  by  precipitating  a  soluble  malate  by 
subacetate  of  lead ;  it  is  not  fusible  in  boiling  water. 

Malate  of  silver  forms  a  white,  anhydrous,  insoluble  powder. 

(1113)  Metameric  Modifications  of  Malic  Acid. — Malic  acid 
has  been  ascertained  by  Pasteur  to  exist  in  two  modifications, 
whicli  may  be  distinguished  by  the  letters  a  and  /3 ;  the  variety  a, 
which  exerts  a  left-handed  rotatory  action  upon  a  ray  of  polarized 
light,  is  the  ordinary  form  of  the  acid ;  some  of  its  salts  exert 
a  rotation  to  the  left,  others  to  the  right.  The  variety  /3 
is  destitute  of  any  such  rotatory  power,  and  hence  is  termed 
inactive  malic  acid.  The  latter  modification  of  the  acid  presents 
scarcely  any  perceptible  chemical  difference  from  the  acid  a,  but  it 
crystallizes  rather  more  readily  from  its  aqueous  solution,  since  it 
is  somewhat  less  soluble  and  is  not  deliquescent :  it  also  requires 
a  temperature  of  272°  for  its  fusion  :  when  heated  a  few  degrees 
beyond  this  point  it  is  decomposed,  and  furnishes  the  same  com« 
pounds  as  the  ordinary  form  of  the  acid.  Inactive  malic  acid  is 
procured  by  the  action  of  nitrous  acid  upon  inactive  aspartic  acid 
(1115)  ;  during  this  reaction  nitrogen  escapes  in  abundance,  and 
if  the  acid  liquid  be  supersaturated  with  ammonia  when  the  disen- 
gagement of  gas  has  ceased,  the  addition  of  a  solution  of  acetate 
of  lead  causes  the  separation  of  a  precipitate  of  inactive  malate 
of  lead;  from  this  malate  of  lead  sulphuretted  hydrogen  li1;e- 
rates  the  inactive  acid,  /3. 

It  will  be  observed  that  the' formula  of  malic  acid  differs  from 
that  of  the  tartaric,  by  containing  two  equivalents  less  of  oxygen. 

(11 14)  Amides  of  Malic  Acid — Asparagin. — Malic  acid,  like 
the  dibasic  acids  in  general,  forms  two  amides ;  one  of  these  jk^s- 
sesses  the  properties  of  an  acid,  and  has  been  termed  malannc 
add  (HO,  HjN,  C^H^Oy),  which  is  isomeric  with  aspartic  acid,  if 
not  identical  with  it. 

Asparagin  (Cgll^NjOg,  2  Aq). — This  crystalline  body  is  i:-o- 
meric  with  malamide.  It  is  extracted  from  the  young  »hoot.s  oi 
the  asparagus  and  of  the  climbing  vetch,  from  the  roots  of  tlu? 
marsh  mallow,  and  from  several  other  plants.  It  may  gcncrrJ.ly 
be  procured  in  crystals  by  simply  evaporating  the  expressed  jiiic:' 
of  one  of  these  plants.  The  brown  cr}  stals  thns  obtainf-d  may  he 
purified  by  treatment  with  animal  charcoal  and  re-crydtallizrition. 
Asparagin,  when  pure,  forms  beautiful  octohedra^  or  rhombic  ii/Nu..-?, 
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wluch  are  soluble  in  about  60  parts  of  cold  water,  and  nre  fi 
dbsolvcd  by  boiling  water,  by  dilute  acids  and  alkalies,  and  by  pi 
spirit.      It  lias  a  mawkisb  and  cooling  taste.    ^Vhcll  db^olved 
iratcr,   or  in  alkaline  solutions,  it  exerts  a  left-banded   rutarii 
upon  a  ray  of  polarized  light  j  but  if  dissolved  in  acids  it  prod 
a  rigbt*handed  rotation  of  the  ray.     Aspamgin  is  cliicfly  retnai 
able  for  the  fatiility  uith  whieU  it  is  decomjioscd  into  asjmrtic 
and  ammonia,  when  its  aqueous  solution  is  heated  with  alkalies 
vith  acids : — 

Avptnfia,  Aipftrtie  Acid. 

c.H^jO,,  2  no    ==    mc^n^Oy    -h     h,x       

When  an  aqucou!^  solution  of  asparagin  is  heated  under  prc^suj^, 
it  is  wholly  converted   into  aspartate  of  ammonia;  and  the 
effect  takes  place  slowly  when  the  solution  is  exposed  to  a  tetni 
rature  of  212*^  for  a    few  days.      By  a  moderate   heat,  as^iaragl 
lases  its  z  equivalents  of  water  of  crystallization,  and  ill  its  anhj 
drons  form  is  isomeric  with  malamide. 

Piria  found  that  if  the  expressetl  juice  of  the  vetch  were 
allowed  to  putrefy,  the  aspamgin  which  it  contained  was  gradually 
converted  into  succinate  of  ammonia^  by  the  assimilation  of  i 
equivalents  of  hydrogen  : — 


AjpaTsgin. 


9aeeiiuit««ri 


C^H^\0,,  2  HO    +    H,    =    3  H,KO,  C,Hp^  . 
When  asparagiu  is  treated  with  nitric  acid  which  has  been  Hit 
rated  with  nitrous  acid,  it  is  conTcrtcd   into  malic   acid^ 
nitrogen  is  disengaged  : — 

AjpwA^n.  llalio  Aeid. 

C,H,N,0,.  3  HO  +  a  NO,  =  3  HO.  C,H  A  -f  4  ^  +  4  HO 
This  reaction  is  similai*  to  that  which  occurs  when   the  amid 
are  thus  treated,  and  hence  Piria  was   led  to  regard  asparagin 
identical  with    mnlamide;    but  on  decomposing   malic   ether   bf* 
means  of  ammonia,  a  subs-tance  is  obtained  which  is  isomeric  with 
asparagin,  but  not  identical  with  it.  Asjmragiu  forms  combinatia 
with  several  of  the  acids  in  definite  proportions ;  thus,  the  nitr 
the   oxalate,    the    tartrate,    and   the  hydrochlorate  of   aspar 
may  be  obtained  in  crystals  without  tlifficulty.      It  also  combin 
with  buses,  and  even  displaces  acetic  acid  from  acetate  of  lead. 
(1115)  Aspartic  Acid  (HO,  Ct,H«NOy).— If  asjiartate  of 
'\^|DOnia  be  boiled  with  baryta  till  the  ammonia  is  entirely  ext 
Wpartute  of  baryta  is  formed;  and  from  this  salt  the  baryta  may] 
precipitated  by  the  cautions  addition  of  sulphuric  acid  :  on  CTai 
iBliug  tlie  solution  thus  obtained^  aspartic  acid  crystallizes  in 
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rectangular  tables  which  have  a  silky  lustre.  It  is  soluble  both 
in  acids  and  alkalies;  when  dissolved  in  the  alkalies  it  produces 
left-handed  rotation  of  the  plane  of  polarization,  but  if  dissolved 
in  acids  the  rotation  is  to  the  right. 

Pasteur  has  discovered  the  existence  of  a  second  modification 
of  aspartic  acid  which  is  without  action  upon  polarized  light.  This 
inactive  acid  is  obtained  by  heating  bimalate  of  ammonia  to  about 
360°,  and  boiling  the  residue  (fumarimide,  CgHgNO^)  for  some 
hours  with  hydrochloric  acid.  Tiie  solution,  when  evaporated, 
yields  crystals  of  hydrochlorate  of  aspartic  acid  (HO,  CgHeNO;, 
IICl).  These  crystals  must  be  dissolved  in  water,  and  the  solu- 
tion divided  into  two  equal  portions;  one  of  these  is  to  be 
exactly  neutralized  by  the  addition  of  ammonia,  and  then  added  to 
the  second  portion  ;  as  the  liquid  cools,  crystals  of  inactive  aspartic 
ncid  are  deposited  in  abundance.  It  is  somewhat  more  soluble 
than  the  active  variety,  but  in  other  respects  resembles  it  in 
chemical  properties. 

Most  of  the  aspartates  are  readily  soluble  in  water.  The  acid 
appears  in  a  few  cases  to  form  subsalts.  Aspartic  acid,  when  dis- 
solved in  nitric  acid  and  saturated  with  nitrous  acid,  yields  malic 
acid,  whilst  nitrogen  is  disengaged ;  and  if  the  inactive  variety  be 
employed,  the  malic  acid  which  is  obtained  is  likewise  of  the 
inactive  form  (11 13) : — 

Aflpartio  Acid.  Malic  Acid. 

HO,  CgH.NO,    +    NO,    =    2  HO,  C^Ufi^    -f-    2  N    -f    HO  . 

4.  Ciiric  Acid,  and  its  Derivatives, 

(1116)  Citric  Acid  (3  HO,  CigH^Ou,  2  Aq;  Liebig)  is  a 
powerful  tribasic  vegetable  acid,  found  principally  in  the  fruits  of 
the  aurantiace<e.  Citric  acid  is  also  of  frequent  occurrence  in 
other  acidulous  fruits,  such  as  gooseberries,  raspl^erries,  straw- 
berries, cherries,  and  tamarinds.  It  is  extracted  by  neutralizing 
the  juice  of  the  lime  or  of  the  lemon  with  chalk,  and  decomposing 
the  insoluble  citrate  of  lime  with  sulphuric  acid,  by  a  process 
similar  to  that  directed  for  the  preparation  of  tartaric  acid.  Citric 
acid  is  very  soluble  in  water ;  the  solution  has  an  agreeable  acid 
taste :  it  is  likewise  soluble  in  alcohol,  but  not  in  ether.  If  the  cold 
saturated  aqueous  solution  be  allowed  to  evaporate  spontaneously, 
it  crystallizes  in  colourless,  transparent,  rhombic  prisms,  which 
constitute  the  commercial  citric  acid.  When  heated  to  212^ 
these  crystals  melt,  and  lose  2  equivalents  of  water ;  the  remain- 
ini;  compound  consists  of  CisHdOn,  which  Liebig  regards  as  a  tri- 
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BideraWe  ;  these  plirnomena  dcpcnil  upon  the  circumstance,  that 
the  citrate  of  Hme  is  less  soluble  iu  boiling  than  in  cokl  water. 
Cnule  citrate  of  lime,  obtaiued  by  siitumting  lemon-juice  with  chalk, 
cannot  be  preserved  in  a  moist  state  without  undergoing  decom- 
position :  it  ferments,  disengages  a  mixture  of  hydrogen  and 
carlionic  acid  gases,  aud  a  mixture  of  acetate  and  of  hutyrate  of 
lime  is  formed*  Tliis  change  is  accelerated  by  the  addition  of  a 
smaJ]  quantity  of  yeast  to  the  mixture. 

The  citrates  of  the  alkalies  are  all  scduMe  in  water;  so  also 
'  arc  many  of  the  citrates  of  the  heavier  metals ;  the  citrates  of  the 
earths  with  3  equivalents  of  the  Ciirthy  base  are  insoluble  ;  but  they 
become  dissolved  by  adding  an  excess  of  citric  acid,  and  thus  forming 
salts,  which  contain  1  equivalent  or  %  equivalents  of  basic  water. 
The  acid  citrate  of  lime  consists  of  2  CaO,  liOj  CiMll^Ouj  %  Aq, 
and  forms  briiliaut  foliated  crystals. 

The  citrates  of  the  neutral  type,  when  heateil,  prcseut  a  re- 
markable pecidiarity,  which  led  Berzeiius  to  propose  the  formula 
(HOj  C4H^0J,  or  rather  (3  IIO^  C^.^\l^f}^^,  as  the  true  representa- 
tive of  citric  acid.  Assuming,  for  example,  that  the  formula  for 
citmte  of  potash  is  (3  KO^  Q^.Al^^^^j  Aq),  this  salt,  by  a  heat  of 
212°,  loses  2  equivalents  of  water,  aud  is  converted  into  (3  KO, 
CjallsOji),  which  ih  Liebig's  formula  for  anhydrous  citrate  of  potash. 
This  residue  appears  not  to  be  a  simple  citrate  of  potash, 
though  on  redissohiug  it  in  water  the  original  citrate  is  repi^o- 
duced;  but  it  presents  the  characters  of  a  mixture  of  citrate  and 
aconitatc  of  jiottisli ;  for  if  the  salt  be  treated  with  absolute 
alcoliolj  and  decomposed  by  dry  Ivvdroehloric  acid,  so  its  to 
exclude  tlie  access  of  water,  chloride  of  iK>tassium  is  formed, 
and  the  citric  acid  which  is  set  free  is  found  to  be  mixed  with 
aeon i tic  acid,  which  may  be  separated  from  the  citric  acid  without 
difficulty.  Tlie  same  plieuomeuon  is  exhil>ited  by  citrate  of  silver  * 
if  this  salt  be  precipitated  at  a  temperature  below  50°  F.  it  has 
a  composition  represented  by  the  formula  (3  AgO,  C i ^  11^,0 1^)*  but 
at  all  higher  temperatures  it  contains  an  equivalent  less  of  water, 
(3  AgO,  CjoHp,,).  Now,  if  this  latter  salt  be  treated  like  the 
potash  salt,  with  dry  hydrochloric  acid  in  absolute  alcohol,  3  equi- 
valents of  the  compound  yield  by  decomposition  9  equivalents  of 
chloride  of  sdver,  2  equivalents  of  hydrated  citric,  and  1  equivalent 
of  hydrated  aconitic  acid  : — 

CiUAt«  of  Silver,  Acomtio  Acid.  Citric  Acid. 

7(3  A^CjJl.OJ  4-  9  HGl=9  AgCl+(3  UO.  C„HaOB)+2(3  HO.  Ci,HeO J. 

When  citrate  of  silver  is  heated  to  2 1 2*^  in  a  current  of  hydrogen 

gas,  it  becomes  partially  reduced,  and  a  brown  powder  is  formed, 
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nhick,  according  to  Wohler,  is  a  citrate  of  suboxide  of  silver. 
Water  extracts  citric  acid  from  it,  and  dissolves  it  in  small  pro- 
portion^  producing  a  red  solution.  Tliis  solution,  when  toiled, 
deposits  reduced  silver. 

Citrate  of  peroxide  of  iron  is  prepared  by  dissolving  hydratcd 
peroxide  of  iron  in  a  hot  solution  of  citric  acid.  It  has  a  sweetish 
taste^  and  forms  a  deep  brown  liquid^  from  whicb  it  is  precipitated 
by  the  addition  of  alcohol.  When  its  solntion  is  evaporated  in 
shallow  vessels,  it  forms  brilliant  scales  of  a  resinous  aspect ;  and 
in  this  fonn  it  is  used  in  medicine. 

Tridlrate  of  Lead  {AvmA  at  250^)  3  PhO,  CiaH.Pn)-— This  salt 
is  prepared  by  precipitating  a  hot  alcoliolic  i?olution  of  tribasic 
citrate  of  soda  by  an  alcoholic  solntion  of  acetate  of  lead  ;  it  forms 
a  granular  sparingly  soluble  powder.  If  this  salt  be  digested 
with  ammonia,  it  forms  a  heavy  crystalline  powder  (4  PbO, 
Ci^^II^On,  HO) ;  and  if  the  tncitrate  be  digested  with  basic  acetate 
of  lead,  a  salt  with  a  still  larger  proportion  of  base  (6  PbO, 
Ci^H^Oi,,  HO)  is  formed. 

Triciirate  of  copper  is  soinljle  ;  a  green  crystalline,  sparingly 
soluble,  sttbcitrate  (4  CuO,  CijHi^Oy,  3  110)  is  formed  by  boiling 
a  solntion  of  acetate  of  copper  with  citric  acid, 

A  tribasic  citric  et/ur  (3  CJI^^O,  Ci^lI^Oii)  may  he  obtained 
by  saturating  an  alcoholic  solntion  of  citric  acid  with  hydrocliloric 
acid,  nentrali?jng  with  carbonate  of  soda,  and  agitating  the  liquid 
with  ordinary  ether.  The  etliereal  solution  rises  to  the  surface 
on  standing ;  and  if  the  ethylic  ether  be  expelled  by  the  heat  of  a 
water*bath,  citric  ether  is  left  as  a  coloiirlcss  oily  liquid. 

(1117)  Aciimt  of  Htat  upon  Citric  Acid, — If  citric  acid  be 
exposed  to  a  high  temperature,  it  undergoes  decomposition :  at  a 
femperature  of  l)etwccn  300"  and  350^,  water,  acetone,  and  a  mixture 
of  carbonic  acid  and  carbonic  oxide  ga&es  are  disengaged,  and  a 
brownish  residue  is  obtained,  which  is  in  great  part  soluble  in 
ether ;  this  residue  consists  of  a  peculiar  acid,  the  aconitic^ 
(3  no,  Ci^HaOy),  which  exists  also  in  the  diflcreut  varieties  of 
monkshood  (aconiitim)  and  marcstail  (eqitisetnm),  Aconitic  acid 
is  isomeric  ^\ith  fumaric  atjd  mahcic  acids.  Hydrated  aconitie  acid 
contains  the  elcmetits  of  2  equiv*ilents  of  water  less  than  hydratcd 
citric  acid ;  3  HO,  Ci2HaO„+  2  110  -  3  110,  Ci^UsO,!.  Indeed, 
aconitie  acid  derives  its  principal  interest  from  its  close  connexion 
with  citric  acid,  and  from  the  light  which  its  composition  throws 
upon  some  apparent  anomalies  in  relation  to  the  separation  of  water 
from  the  crystallized  acid  and  its  salts  (ijj6  dis).     The  aconitates 
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^    ^  lie  alkalies  give  no  immediate  precipitate  in  solutions  of  the 

^  s  of  baryta,  lime,  magnesia,  and  zinc,  but  they  produce  white 
^  *oipitates  in  solutions  of  lead  and  of  silver. 

If  citric  acid  be  heated  beyond  the  point  at  which  aconitic  acid 

formed,  the  aconitic  acid  is  itself  decomposed,  carbonic  acid 

^  ^^apes,  and  the  principal  product  consists  of  a  volatile,  oily-look- 

^  g  acid  liquid,  which  contains  a  mixture  of  two  isomeric  acids, 
'*'^^e  of  which,  the  itaconic,  crystallizes  with  facility,  and  the  other, 

^rmed  citraconiCypyrocitric  or  cilribic  acid,  is  much  more  soluble ; 

>oth  have  the  formula  (2  HO,  CioH^O^,).  i  equivalent  of  hydrated 
^  aconitic  acid  contains  the  elements  of  i  equivalent  of  hydrated 
^  taconic  or  citraconic  acid,  and  2  equivalents  of  carbonic  acid ; 

Aconitic  Acid.  Itaconic  Acid. 

rHO,C„njO,  =  2HO,  C,oH,0.  -I-  2  CO,. 
^  considerable  quantity  of  citraconic  anhydride  passes  over  with 
^e  hydrated  acids  during  the  distillation.  Citraconic  acid  is  also 
obtained  during  the  distillation  of  lactic  acid.  ^Vhcn  citraconic 
is  treated  with  nitric  acid  it  is  partially  decomi)Osed,  and  converted 
into  oxalic  acid,  whilst  a  nitro-acid,  probably  (2  IIO,  CjoHj,  NO^.O^) 
is  produced,  and  at  the  same  time  a  new  acid,  isomeric  with  the 
citraconic,  is  formed,  termed  mesaconic  acid.  The  latter  may  be 
obtained  in  minute  crystals,  which  are  sparingly  soluble  in  water. 

5.  Meconic  Acid,  and  its  Derivatives, 
(II 18)  Meconic  Acid  (3lIO,C,^HO,i,6Aq).  This  acid  (which 
derives  its  name  from  ^qKwv,  a  poppy)  is  contained  in  the  milky 
juice  of  the  papaveracea.  It  is  extracted  from  a  concentrated 
aqueous  infusion  of  opium  by  nearly  neutralizing  it  with  milk  of 
lime  and  adding  a  solution  of  chloride  of  calcium ;  the  meco- 
nate  of  lime  being  nearly  insoluble,  is  tluis  precipitated.  In 
order  to  isolate  the  acid,  one  part  of  nieconatc  of  lime  is  mixed 
with  10  parts  of  water  at  190°,  and  decomposed  by  the  addition 
of  hydrochloric  acid  in  considerable  excess;  the  meconic  acid 
crystallizes  from  the  solution  in  scales,  which,  however,  are  con- 
siderably coloured.  They  must  be  digested  with  purified  animal 
charcoal,  and  re-crystallized,  but  they  cannot  be  obtained  colourless 
without  considerable  difficulty.  Meconic  acid  is  sparingly  soluble 
in  cold  water,  but  is  readily  dissolved  by  it  when  hot ;  it  is  also 
soluble  in  alcohol  and  in  ether.  Its  solutions  have  an  acid, 
astringent  taste.  When  its  crystals  arc  heated  to  212°,  6  equiva- 
lents of  water  are  expelled.  The  aqueous  solution  of  meconic  acid 
it  decomposed  by  ebullition,  and  carbonic  acid  gradually  escapes. 
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This  change  is  eflectcd  more  rapidly  if  some  mineral  acid^  such  «* 
tlie  sulpluiric   or  bydroohlorie,  be  added  to  the  liquiiL      Sir 
results  arc  obtaiued  if  the  crystallized  acid  Ik;  heated  to  250^. 
all  these  cases,  a  new  acidj  the  eomenic,  is  obtaiued ; — 

M«>oniia  Acid.  Comniuo  Acid. 

Meconates. — Meconic  acid  is  tribasic,  the  formula  of  iU  neu- 
tral ssalts  being  3  MO,  Ci^HO^.  The  mccouates  of  the  alkalies  arc 
soluble.  The  neutral  mecouates  of  Ume,  baryta,  lead,  copper,  aial 
silver  are  nearly  iusolnble  in  watex,  but  are  soluble  in  acetic  add. 
Mecouate  of  silver  when  lieatcd  is  decomposed  with  explosiou. 

It  if*  sometimes  important  for  mcdico-lcy^al  purposes  to  be 
to  ascertain  the  pro^^scuce  of  mccouic  acid  in  cases  where  opiam 
suspected  to  have  been  atl ministered  as  a  jK)ison,      With  this  ri€ 
the  ibllowing  process  may  be  adopted  : — The  solution  is  to  l)e  niixfl 
with  acetate  of  lead,  an  impure  mecouate  of  lead  is  thus  precif 
lated  if  meconic  acid  be  present ;  tlie  precipitate  after  it  ha^s 
waslicd  is  decomposed  by  sulphuretterl  hydrogen,  and  the  meeon 
aeid  thus  set  at  liberty  is  concentrated  by  evaporation  at  a  temf 
rature  not  exceeding  160°;  a  very  dilute  solution  of  perchloride 
iron  is  then  added  to  the  concentrated  liquid.     If  meconic  acid 
present  it  strikes  a  deep  blood-red  colour,  which  may  be  distis 
guished    from    that  duC    to   svdphoeyanide    of  ix)tassium  by    the 
efiect  of  the  addition  of  a  few  drops  of  sulphuric  acid  with  a 
ment  of  zinc ;  if  the  colour  be  due  to  the  snlphocyanide,  the  re 
tint  will  dii5!ipj)ear,  find  sulphuretted  hydrogen  will  be  extrieatcdj 
but  if  ttie  compound  contain  meconic  acid,  the  colour  will  not 
afl'ected :   a  solution  of  terchloride   of   gold  also   discharges  tfc 
colour  of  the  sulphocyauide  of  iron,  but  is  without  effect  upon 
mecouate. 

(JI19)  Comenic  Acid  (2  HO,  CiJUOg)  is  dibasic.  It 
is  sparingly  soluble  in  water,  and  crystallizes  in  hard  warty 
nodules.  Nitric  acid  nipidly  decomposes  it  into  oxalic,  carbonic 
and  hydrocyanic  acids.  This  acid,  like  the  precciling  one,  gives  j 
blood-red  solution  with  the  |>ersalts  of  iron,  and  a  white  precipit 
with  acetate  of  lead,  but  it  gives  no  precipitate  with  salts  of  barvl 

If  either  the  meconic  or  the  comenic  acid  be  distilled,  a  nc 
monobasic  acid,  pyromeconic  acid  (HO,  Ci^^H^Og),  is  sublimed 

Com p die  Acid.  Pyromecoaio  Acid. 

3  HO,  C^aHjO,    =    110,  CjJh^^    -i-    2  CO,. 
This  acid  is  isomeric  with  the  pyromucic,  but  is  distinguished  from 


DIFFERENT   VARIETIES    OF  TANNIC   ACID. 


315 


it  by  yielding  with  the  pcrsalts  of  iron,  a  solution  of  a  blood-i'ed 
colour,  and  by  giving  no  precipitate  with  a  solutiou  of  suhacctate 
of  lead. 

6.  Different  Varieties  of  Tannic  Acid. 

(1120)  The  terra  tannin  was  fonnerly  applieil  to  the  various 
forms  of  the  astringent  principle  which  were  employed  in  the  pro- 
cess of  tanning  hidt^s.  Most  of  these  suhstanees  are  now  known 
to  possess  an  acid  reaction;  but  it  has  been  ascertained  that  there 
are  several  distinct  comjiounds  which  resemble  each  other  in  pro- 
perties, though  they  possess  a  diflereiit  chemical  coni]>osition.  These 
astringent  principles  are  very  extensively  diffused  throughout  the 
vegetable  kingdom.  The  hark  and  leaves  of  most  forest  trees, 
such  as  the  oak,  the  elm,  the  willow,  the  liarsc-chesnntj  and  the 
pine, — ^aTid  many  fruit  trees,  huch  as  the  pear  and  plum,  eoutaiu 
tamiin  in  notable  quantity.  The  wood  and  bark  of  many  shrubs, 
Bixvh  as  the  sumach  and  the  whortlebeny, — and  the  roots  of  tlve  tor- 
mcntilla,  and  bistort,  arc  abo  powerfully  astringent,  owing  to  the 
presence  of  one  of  the  forms  of  tannin,  Coflec  and  tea,  as  well  as 
ParagUHV  tea,  likewise  contain  a  modllieation  of  iliis  astringent  priri- 
ciple.  AU  tliese  bodies,  except  cotfee,  precijutate  the  persalis  of  iron 
of  a  bluish-black  colour,  or  if  a  free  acid  be  present,  the  solution 
assumes  a  dark-grccn  colour.  Many  vegetables  contain  an  jvstringent 
principle  which  precipitates  the  salts  of  iron  of  a  dark-greeu 
instead  of  a  blue  colour  i  catechu  and  kino  ofler  good  instances  of 
this  variety  of  tannin.  Some  few  astringent  plants  yield  an  infusion 
which  precipitates  iron  of  a  grey  colour,  among  whicli  are  matricaria, 
rliatany  (h'ameria  iriandra),  and  the  common  nettle  {urtica  urens). 
Tannic  acid  in  all  its  forms  rapidly  absorbs  oxygen  when  moist. 

The  most  imjKjrtaut  of  Uiese  acids,  and  tlie  one  which  has 
been  moat  acciu^tely  studied,  is  the  tannic  acid  of  the  gall 
nnt,  or  gnlhfannic  acid :  that  of  tlie  oak  or  quercitnnmc  acid 
is  also  a  distinct  species  (Stenhousc),  as  well  as  that  of  the  fustic 
{mortis  iinciorla)  :  morikinnic  acid^  as  the  latter  variety  is  termed,  is 
a  yellow  crystalline  solid,  whicb,  according  to  the  experiments 
of  Wagner,  may  be  represented  by  tlie  forraida  (C^„II„|Oi^,), 
Qninotannic  acid,  or  the  tannin  of  the  cinchona,  according  to 
HIasiwetifi,  is  represented  by  the  ffiruuda  (C^l  liyO|y)  ;  and  tlierc 
is  no  doubt  tbat  the  minmtanmc  acid  or  tannin  of  tlie 
catechu  is  a  distinct  variety,  although  from  its  proneness  to 
change,  the  true  composition  of  this  substance  is  uncertain. 
Kino,  valouia  (the  acorn  cups  of  the  qutTcu^  itt/iiajfs),  niid  divi-divi 
(the  pod  of  the  legume  of  ctesalpinia  coriaria),  all  contain  power- 
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fnWy  astringent  compoimde  which,   according    to    SteuhoiisCj  arc 
distinct  from  gallotunnic  acid. 

(1121)  Gallotanmc  Acid;  tannic  acid  (CjjTIjaO.i^;  Streckerj* 
—-This  acid  is  obtained  in  a  state  of  purity  from  the  gall  nut,  an  ex- 
crescence produced  upon  the  leaves  of  a  species  of  oak  {qncrcua  h{fe€' 
fona),hy  the  puncture  of  a  small  hymeuoptcrous  insect.  The  gall  nut 
contains  as  much  as  two-thirds  of  its  weight  of  tannic  acid,  and  about 
two  jier  cent,  of  gallic  acid  (Guibourt).      In  order  to  exti"act  the 
tannic  acid,  Pelouze  directs  the  gall  nuts  to  he  reduced  to  powder, 
and  digested  with   alxmt    an   equal   weight  of  wa:shed   ether;  tlie 
decanted   liquid    separates   on   standing,   into    two    portions,    the 
denser  of  w  hieh   is  of  a  yellow'   colour,  and  consists  of  a  coneeii- 
trated  aqueous  solution  of  tannic  acid;  the  otlier   portion  is  of  a 
greenish  colour,  and  is  composed  of  ether  holding  gallic  acid  and 
colouring  matter  in  solution.      The  yellow  solution,  when  evapo- 
rated  to  dryness,   yields   a  porous,  pale    biitf- colon  red  residue  of 
amorphous  gallotannic  acid.      According  to  Stenlionse  the  tannic 
acid   of  sumach  is  identical  with  that  of  the  gall  nut,  hut  it  is 
not  readily  obtained  in  a  pure  form.      Gallotaiuiic  acid  is  freely  ^J 
soluble  in  water;    it  reddens  litmus  paper,  and  dissolves  the  ear-  ^M 
bonatcs  with  eifervescenec.      It  has  a  purely  and  intensely  astrin-       ' 
gent  taste  :  it  is  soluble  in  dilute  alcohol,  but  sparingly  so  in  ether. 
Its  diluted  aqueous  solution  slowly  absorbs  oxygen  from  tlie  air, 
and  is  converted  into  gallic  acid;  tliis  process  is  favoured  by  the 
presence  of  a  particular  ferment  whieli  is  contained  in  the  gall  nut. 
A  solution  of  tannic  acid  in  water  is  coagulated  by  chloride  of 
potassium,  and  by  many  other  salts.    Sulphuric,  hydrochloric,  phos-  ^H 
phoric,  and  some  other  acids  al.^o  diminish  its  solubility,  and  preci-  ^^ 
pitate  it  from  a  concentrated  aqueous  solution.      Nitric  acid  con- 
verts it   into   oxalic   and   saccharic  acids.      If  boiled  with   dilute  j 
sulphuric,  or  with   hydrochloric   acid,  it   is   converted    into   sugar 
and  gallic  acid  (Strecker) ;  the  latter  crystallizes  on  cooling,  whilst 
the  glucose  remains  in  solution  : — 

Gillie  Arid. 


Gftllulannir  Acid, 


Olwsme, 


-h  loHO  ^  3(3nO,C,,HA)  +  C,,H,As»2Aq 
A  toiling  concentrated  solution  of  potash  also  decomiioses  tannic 
acid  and  occasions  the  formation  of  gullic  acid.  If  air  be  admitted 
to  the  mixture,  the  acid  ln>t  named  is  in  turn  decomposed  into  a 
black  ubnin-like  substance,  J 

GaUoiannates, — The  composition   of  these  salts  is  but   impcr- ■ 
fectly  known,  and  tlierc  is  eousidcrablc  uncertainty  whether  the 
acid  should  be  re4'artlcd  as  dibasic  or  as  tribasic*      A  solution  of 
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gallotaunic  acid  occasions  a  violet  black  precipitate  in  solutions  of 
the  persalts  of  iron.  It  also  causes  precipitates  in  the  solutions  of 
the  salts  of  morphia,  quinia,  brucia,  and  many  other  vegetable 
bases ;  these  precipitates  consist  of  gallotannates  of  the  bases,  and 
are  readily  soluble  in  acetic  acid.  The  gallotannates  of  lead  and  of 
antimony  are  white  and  insoluble.  Those  of  the  alkalies  are 
soluble ;  their  solutions  have  an  astringent  taste,  and  do  not  preci- 
pitate gelatin  until  some  acid  is  added  to  liberate  the  gallotannic 
acid  from  the  base.  If  the  solutions  of  these  salts  be  exposed  to 
the  air,  especially  if  the  base  be  in  excess,  they  rapidly  become 
brown,  and  are  decomposed  with  absorption  of  oxygen.  None  of 
the  gallotannates  can  be  obtained  in  crystals. 

The  basis  of  ordinary  writing  ink  is  gallotannate  of  iron. 
Various  recipes  are  given  for  its  preparation :  the  following  fiir- 
nishes  a  very  good  ink: — Digest  three  quarters  of  a  pound  of  bniised 
nut  galls  in  a  gallon  of  cold  water,  then  add  six  ounces  of  sulphate  of 
iron  with  an  equal  weight  of  gum  arabic,  and  four  or  five  drops 
of  kreasote  to  prevent  the  ink  from  becoming  mouldy.  Let  this 
mixture  digest  at  ordinary  temperatures  for  two  or  three  weeks 
with  occasional  agitation ;  then  allow  it  settle,  and  decant  for  use. 
Oxalic  acid  and  chlorine  water  readily  discharge  the  colour  of 
writing  ink,  and  they  may  be  employed  to  remove  ink-stains  from 
linen.  An  ink-spot  when  washed  with  an  alkaline  soap  becomes 
yellow,  forming  what  is  familiarly  known  as  an  iron-mould.  This 
yellow  stain  is  due  to  the  oxide  of  iron,  which  constitutes  the  basis 
of  the  ink,  and  which  has  attached  itself  to  the  cloth,  whilst  the 
alkali  of  the  soap  has  removed  the  tannic  acid. 

The  most  remarkable  compound  of  tannic  acid,  however,  is 
that  which  it  forms  with  gelatin,  which  constitutes  thb  basis  of 
leather.  The  principles  of  the  manufacture  of  this  important 
substance  will  be  considered  after  the  properties  of  gelatin  have 
been  described.  When  a  solution  of  gelatin  or  isinglass  is  added 
to  an  aqueous  infusion  of  any  vegetable  containing  tannic  acid,  a 
copious  gelatinous  precipitate  occurs,  which  is  soluble  in  excess  of 
gelatin  if  the  liquid  be  boiled.  An  excess  of  tannic  acid  prevents 
the  re-solution  of  the  compound.  If  a  piece  of  a  raw  hide  freed 
from  hair,  be  immersed  in  a  solution  of  tannic  acid,  the  gelatinous 
tissue  gradually  combines  with  the  acid,  and  retains  it  in  the  form 
of  leather,  the  supernatant  liquid  being  ultimately  completely  freed 
from  all  traces  of  tannin,  if  the  piece  of  skin  be  of  sufficient  size. 

When  gallotannic  acid  is  subjected  to  a  temperature  of  about 
620^j   it  is  decomposed^    and   yields  pyrogallic    and    metagallic 
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*.I  jfi, '/V'lriii. ^;  ;;rif]   n   -'ji.'ir:..'^:;/  -k:!":  .:  i    n.  ::I;7:t  -^u.  :  :r:i:  it'".". 

t'il'tini.'/    rri;i**':r ;  tliii    iiiiv  'r,f;    iT:rr.jT:U.    »Liii   .a  "ditiii  xtuc  :::- J 
it'\'\inif   tf,iif:ti,rriir.iA    -iiij/;,-,rIf;  ar.lii  -hj  Ir.c^  ^  :.   :o;a:--j:ii&  i  -re- 

l,r  th\\n'*'<  f.u  >^  :.!V:r,  w;i.-lir-ri  with  tlii  ::e  *TiliIi'ir-C  iLiii.  -r:S«*cd 

r:iilMriiat>:  of   I'Ji^],   mA    tiic   f.  1  •»■,-..■ !    1: -lia,   wLea.   cva^craicvi   w 
i;r/r//o,  I'unii^li':-*  /fjir.'.ot.'i.'.r::'';  ?.  .!  i  :.':ar;y  [,ure. 

Tlii.H  »iiiJi-tfiii^-r:   i^   (ii  *.ii.;r.i  !l^■ti     from     gallorajinic    acid,   br 

virldin^  a  jrn'<hi."*li  ;rrf:y  jiirci^oitJiti:  with  tlie  persaii*  of  idjii:  and 

'iv  not  pm:i|'itatiri;?  a  volution  of  tartar  emetic:  when  subjected 

v'il»i-at,  it  <l'^'»*  »"'^  fiinii.-h  i.yrogallic  acid.      Its  sclurion  absorbs 

MivKMi  »"<•  \m'^yn\^'^  of  a  dark  red  colour,  leaving,  when  enpo- 

'  J  *  nu'»*taiu^  no  lonj5c;r  rornj>let(fly  soluble  in  water.      Under 

\\iM  riTCunwtaiiccH,  wrwmliii;^   to   Dclffs,   a  certain   quannty  of 

(«iM)i'in  tt  fonnwl,  and  remains  in  a  crystalline  conditiou. 

CaUckw  IC^IUOh,  HO  ;  Zwf  n;.^cr)  is  contained  in  the  portion 

.^A^^-yJi  IB  not  uoluldc  in  cold  water:  it  is   soluble  in 

^  faoi  V«rti  of  boiling  water,  or   of  boiling  alcohol ;  and 

***        '  ^Donied  in  minute  colourless  crystals.    The  caustic 

^SEmiB^  •^^^^  **'  ^"*'"^  ^*  ^^  ''^''^  oxygen,  when 
TT^TITlAAflM.ltoi  wd,  and  finally  black.     Catcchin  pre- 
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cipitates  perchloride  of  iron  of  a  dark  green  colour.  It  is  soluble 
in  the  dilute  acids :  when  treated  with  oil  of  vitriol  it  gives  a 
purple  solution  :  nitric  acid  converts  it  into  oxalic  acid.  Catechin  is 
fusible  at  422** :  at  a  higher  temperature  it  is  decomposed^  and 
amongst  other  products  yields  a  crystallizable  substance  termed 
pyrocatechiny  or  oxyphenic  acid  (CigHgOJ.  Moritannic  acid 
(CaeHigOio)  (the  tannin  of  the  moms  tinctoria,  the  yellow  dye  called 
fustic)  yields  the  same  product  when  submitted  to  distillation. 

It  has  been  su^ested  that  the  different  varieties  of  tannic 
acid  may  be  homologous  terms  of  the  same  series  ;  but  the  facility 
with  which  they  undergo  change  renders  their  investigation  a 
matter  of  great  difficulty;  and  the  accuracy  of  the  formulae 
assigned  to  these  different  compounds^  with  the  exception  of  that 
of  gallotannic  acid^  must  be  regarded  as  very  doubtful. 

7.  Gallic  Acid,  and  its  Derivatives. 

(11 23)  Gallic  Acid  (Ci^HeOio  +  2Aq  =  3HO,  C14H3O7,  2Aq). 
— ^This  acid  exists  ready  formed  in  the  gall  nut,  in  sumach,  in 
valonia,  and  in  a  large  number  of  other  astringent  vegetables, 
although  the  quantity  in  each  is  but  small.  It  may  readily 
be  obtained  by  allowing  an  infusion  of  gall  nuts,  or  the  powdered 
galls  moistened  freely  with  water,  to  stand  in  a  warm  place  for 
some  weeks,  exposed  to  the  air :  it  quickly  becomes  mouldy, 
absorbs  oxygen,  and  emits  carbonic  acid,  owing  to  the  occur- 
rence of  a  species  of  fermentation,  during  which  abundance  of 
gallic  acid  is  deposited  in  the  form  of  crystals.  The  acid  must  be 
purified  by  digestion  with  animal  charcoal  and  re-crystallization 
from  boiling  water.  Gallic  acid  is  also  deposited  fix)m  infusion 
of  gall  nuts,  if  kept  in  vessels  from  which  air  is  excluded ;  but 
in  this  case  no  evolution  of  gas  occurs :  the  exact  stages  of  these 
processes  of  fermentation  have  not  been  clearly  made  out.  Gallic 
acid  may  also  be  obtained  by  boiling  tannic  acid  with  dilute  sul- 
phuric or  hydrochloric  acid,  in  which  case  water  is  assimilated 
and  glucose  is  set  at  liberty  (11 21). 

The  acid  crystallizes  cither  in  the  form  of  delicate  silky  needles, 
or  in  brilliant  oblique  rhomboidal  prisms,  which  require  about  100 
parts  of  cold  water  for  their  solution,  but  only  3  parts  of  boiling 
water :  they  are  freely  soluble  in  alcohol,  but  only  sparingly  so  in 
ether.  When  dried  at  212°  they  lose  9*5  per  cent.,  or  2  equiva- 
lents, of  water. 

Gallates. — According  to  Strecker,  gallic  acid  is  tribasic,  and  it 
forma  three  classes  of  salts^  the  general  formulse  of  which^  are 
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MO,  2IIO,  C,,ILA;  '^^^^.  HO^Ci.lI^O^;  and  3MO,  C.JI.O; : 
besides  these  salts  there  are  salts  with  an  excess  of  ticid,  and  with 
excess  of  base  ;  thus  an  acid  salt  of  potash^  [2(KO,  iHO,  Cj^HgOy 
3  HO,)  Ci^O^Oy,  aAcjl  may  be  obtained  by  adding  an  alcoholic 
solution  of  potash  to  an  alcoholic  solution  of  gallic  acid.  The 
gallates  of  the  alkalies  speedily  absorb  oxygen,  and  become  brown 
when  their  sobitious  are  exposed  to  tlu^  air,  especially  if  an  excess 
of  base  be  [j resent.  Nearly  ail  the  gallates  of  the  heavy  metallic 
oxides  are  insoluble.  If  an  excess  of  gallic  acid  be  added  to  a 
salt  of  lead,  the  precipitate  is  at  first  white  and  amorphous,  bat 
it  grodoally  becomes  cryslalHne  if  left  in  contact  with  the  liquid. 
But  the  most  characteristic  reaction  of  this  acid,  is  the  formation 
a  deep,  bluish  black  sohition,  when  atlded  to  a  mixture  of  the 
protosalts  and  persalts  of  iron.  If  the  solutions  be  free  from 
acid,  and  jiarticularly  if  a  solution  of  bicarbonate  of  lime  be  added, 
the  reaction  is  one  of  extreme  delicacy.  The  salts  of  gallic  acid 
do  not  cause  a  precipitate  in  solutions  of  gelatin. 

IVhcn  galhc  acid  is  exposed  to  a  temperature  of  from  410*^  to 
420^,  it  is  wholly  volatilized,  and  is  converted  into  pyrogaUic  and 
carbonic  acids  : — - 

QmIMc  Acid,  Pyrogftllic  Acid. 


3  HO,  C,,HA     =      C12H A      +      2  CO; 


2  > 


but  if  the  temperature  be  allowed  to  reach  480  j  the  pjrogallic 
acid  in  its  turn  sutlers  decomposition ;  water  is  expelled^  and  a 
dark  ulmin-like  body  is  formed^  termed  met&gaUic  acid^  which  is 
insoluble  in  water,  but  soluble  in  alkaline  solutions  ; — 


PyrogaJJio  Add. 


MctKgmllio  Acud. 


Ci^HeO,     -     C13HA     +      2  HO. 

(1124)  Prjrof/alHc  Acid  (C^^U^O^), — This  substance 
but  very  feeble  acid  properties.  It  may  be  obtained  by  the  sub- 
limation of  gallic  acidj  or  of  any  vegetable  extract  whicli  contains 
gailotaniiic  acid.  The  extract  may  be  placed  in  a  shallow  iron 
pan,  which  is  e4>vered  with  a  sheet  of  bibulous  paper,  over  which 
a  cone  of  writing  paper  is  fastened ;  on  applying  a  regulated  sand 
heat,  the  pyrogaUic  acid  is  converted  into  vapour;  it  passes  through 
the  bibulous  paperj  and  rises  into  the  chamber  formed  by  the 
paper  cone,  where  it  is  condensed,  and  is  prevented  from  falling 
back  into  the  pan  beneath,  by  tlie  interposed  sheet  of  filtering 
paper.  This  method  of  sublimation,  contrived  by  Dr.  Mohr,  is 
appbcable  in  many  other  cases  of  a  similar  kind. 
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Sublimed  pyrogallic  acid  forms  voluminous  brilliant  plates^ 
which  are  freely  soluble  in  water,  alcohol,  and  ether :  the  solution 
has  a  very  bitter  taste,  and  does  not  redden  litmus  paper.  When 
the  acid  is  heated  to  about  240°,  it  melts ;  and  when  further  heated, 
it  emits  a  colourless,  irritating  vapour.  The  acid  may  be  pre- 
served unchanged  whilst  dry,  but  its  solution  quickly  becomes 
brown,  and  absorbs  oxygen ;  and  if  a  free  alkali  be  added,  the 
absorption  of  oxygen  is  so  rapid,  as  to  afford  a  valuable  method 
of  removing  free  oxygen  from  gaseous  mixtures  (296  note). 

The  alkaline  solutions  of  pyrogallic  acid  rapidly  assume  an 
intense  reddish  brown  colour :  this  brown  solution,  according  to 
Stcnhouse  {Liebig^a  Ann.  xlv.  6),  contains  acetate  and  carbonate 
of  the  base.  When  the  acid  is  dropped  into  milk  of  lime  it  pro- 
duces a  beautiful  purplish  red  colour,  which  soon  becomes  of  a 
dingy  brown  :  this  reaction  is  very  characteristic.  Pyrogallic  acid, 
on  account  of  the  facility  with  which  it  absorbs  oxygen,  decom- 
poses most  of  the  salts  of  silver,  of  gold,  and  of  platinum ;  but  it 
forms  a  definite  compound  with  oxide  of  lead,  and  dissolves  freshly 
precipitated  alumina.  With  protosulphate  of  iron,  free  from 
peroxide  of  this  metal,  it  gives  a  deep  indigo  blue  solution,  which 
becomes  green  by  the  action  of  air :  with  pcrsalts  of  iron  it  forms 
a  bright  red  solution. 

Pyrogallic  acid  is  now  extensively  employed  in  photographic 
operations,  for  the  purpose  of  developing  the  latent  image  upon 
the  argentiferous  collodion  film  after  it  has  been  exposed  to 
the  action  of  light  (884). 

(1 1 25)  Ellagic  Acid  (HO,  CiJIgOy,  2 Aq. ;  if  dried  at  240^  IIO, 
C14H2O7). — During  the  preparation  of  gallic  acid  from  gall  nuts,  a 
quantity  of  a  grey  crystalline  powder,  termed  ellagic  acid,  is 
formed :  this  substance  is  insoluble  in  water,  but  soluble  in  the 
alkalies :  with  potash  it  forms  a  flaky  salt  which  is  but  sparingly 
soluble  :  the  solution  of  this  salt  speedily  absorbs  oxygen  from  the 
air,  and  becomes  of  a  blood-red  colour.  When  treated  with  a  solu- 
tion of  perchloride  of  iron,  ellagic  acid  is  gradually  dissolved,  and 
forms  a  deep  blue  liquid.  The  most  singular  circumstance  in  con* 
nexion  with  this  body  is  the  discovery  of  Wohler  and  Merklcin 
that  it  is  a  constituent  of  certain  kinds  of  oriental  bezoars.  These 
bezoars  are  intestinal  concretions  which  occur  in  the  wild  goats, 
antelopes,  and  deer  of  the  countries  of  Central  Asia:  they  are 
brittle,  ovoid,  or  reniform  masses  of  a  dark  olive- green  cclour, 
polished  upon  the  surface,  and  in  size  seldom  exceeding  a  pigeon's 
egg;  when  broken^  they  are  usually  found  to  have  been  deposited 
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in  concentric  layer^s  npou  some  foreign  nucleus:  thGj  are  not 
fnsible  like  the  lithofellic  bezoars. 

Conceiitriited  sulpliuric  acid  dissolves  ellagic  acid^  and  precipi^ 
tatcfl  it,  unaltered,  on  dilution. 

Mifjif/fiiiic  or  Pareiiiit/ic  Acid  (Cj JIjOq,  2Aq).— If  tlie  crystals 
of  gallic  acid  be  dissolved  io  five  times  their  weight  of  oil  of  vitriol^ 
a  crimson  solution  is  formed,  which,  if  allowed  to  fall  drop  by  drop 
into  water,  deposits!  a  reddish-brown  substance,  partly  in  floccuh  and 
partly  in  crystals.  The  crystalline  portion,  or  ntjif/aiHc  acid',  is 
isomeric  with  ellagic  acid  :  it  is  insoluble  in  water,  but  soluble  in 
solutions  of  the  alkalies*  The  acid,  when  heated,  yields  a  sublimate 
consisting  of  fine  red  prisms,  resembling:  those  of  alizarin.  If  a 
piece  of  calico  which  has  been  moistened  with  alum,  or  with  a 
salt  of  iron,  be  boiled  with  rufi gallic  acid,  it  becomes  dyed  with 
the  same  tints  as  if  madder  had  been  used ;  but  the  colours  are 
less  brilliant  tlian  those  of  madder. 

8,  Kmic  Add,  and  Us  Derivalwes, 

(1126)  KiNiG  Acid  (2  HO,  C2aU2oO^) ;  Gerhardt).^ — The  bark 
of  the  cinchonas  contains  a  peculiar  modification  of  tannic  acid, 
termed  the  quiuotannic,  and  besides  this,  it  furnishes  the  remarkable 
acid  to  which  the  name  of  kinic  acid  has  been  given.  Kinic  acid 
appears  to  exist  in  the  bark  in  combination  with  lime  and  with 
the  organic  bases  of  the  bark.  If  an  aqneoua  decoction  of  cin- 
chona bark  be  mixed  with  milk  of  lime  until  it  assumes  a  feeble 
alkaline  reaction,  the  vegetable  bases  and  the  tannic  acid  are  pre- 
ei]ntatcd,  and  kinate  of  lime  remains  in  the  liquid  ;  this  salt  may 
be  crystallized  from  the  mother  lit|nor  by  evaporation,  and  decom- 
posed by  means  of  oxalic  or  of  sulphuric  acid.  The  kinic  acid 
may  then  be  obtained  in  crystals  from  the  solution. 

Kinic  acid  crystallizes  in  colourless,  oblique  rhombic  prisms^ 
which  have  a  strongly  acid  taste ;  they  are  freely  soluble  in  boiling 
water,  less  so  in  cold  water,  still  less  so  in  alcohol,  and  very 
sparingly  soluble  in  ether.  When  healed  to  311*^  the  acid  fuses^ 
and  at  a  higlier  temperature  yields  a  complicated  mixture  contain* 
ing  amongst  other  matters,  benzole,  beuzoic  acid,  carbonic  acid, 
salicylous  acid,  and  a  colourless  substance  termed  hydrokinone. 

Kinates. — Kinic  acid  appears  to  be  dibasic;  nearly  all  its  salts 
are  soluble  in  water,  with  the  exception  of  the  snbkinate  of  lead 
(4PbO,  C\i3Pb^Ili,,0^^^),  which  is  obtained  by  adding  a  solution  of 
Fubacctatc  of  lead  to  a  neutral  kinate.  It  is  remarkable  that  in 
this  salt  a  portion  of  the  hydrogen  of  the  acid  appears  to  bave 
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been  displaced  by  lead.  Kiiiic  acid  also  forms  a  basic  salt  with 
copper  (4CuO,C>h1I2„02o  -f  i^  Aq),  which  may  be  obtaiued  in  bril- 
liant, green,  spariugiy  soluble  crystals. 

(1127)  Kinone  (Ci^fl^OJ* — When  one  part  of  kinic  acid  is 
heated  with  four  parts  of  finely  powdered  peroxide  of  manganese 
and  one  part  of  sulphuric  acid  diluted  with  water,  a  beautiful 
yelhjw  crystalline  substance  is  sublimed,  and  condensed  iu  the 
neck  of  the  retort  in  long  needles :  to  tins  substance  the  name  of 
Hnont  has  been  given  : — 


Kinio  AciA. 


Kinone, 


aHO,C,H,.0«,    +    0„ 


3(C„n,o,)   +   4  CO,  +    14  no. 


I 


It  may  also  be  obtaiued  from  the  aqncoiis  extract  of  coffee  by 
treating  it  in  a  similar  manner.  Kinoue  fuses  at  2 1  z"",  It  is 
sparingly  soluble  in  water,  but  is  dissolved  more  freely  by  alcohol 
and  ether* 

Hydrokinone  (C,2HgOJ. — ^Wheu  kinone  is  treated  with  reducing 
agents,  such  as  sulphurous  acid  or  protochlonde  of  tin,  it  is  fii*st 
converted  into  a  green  compound,  but  it  ultimately  furtiishes  a 
colourless  body,  termed  hydrukhmiie.  This  substance  is  also  the 
principal  product  of  the  dry  distillation  of  kinic  acid ; — • 


Kinic  Acid> 


Hrdrokinottfl. 


Bcnitoic  AcitL 


1  HO.  CV.H^O^  =  C,,H/i,  -h  HO,  C,,nS>,  +  2  00,  -f  10  HO. 


But  the  simplest  plan  of  preparing  it  consists  in  suspending  kinone 
in  water  and  transmitting  sulphurous  acid  gas  until  the  kinone  is 
dissolved;  by  evaporating  tliis  solution,  crystals  of  hydrokinone 
are  obtained,  whilst  the  liquid  contains   snlplmric   acid.      Hydro- 

^ kinone  forms  six-sided,  colourless  prisms,  which  are  \i^ry  soluble 
in  water,  alcohol,  and  ether.  It  is  witliout  odour,  and  \\im  a 
lirectish  taste;  it  fuses  readily,  and  may  be  sublimed  in  brilliant 
plateg,  resembling  those  of  benzoic  acid. 
The  action  of  oxidizing  agents  upon  hydrokinone  is  remark- 
able. "When  its  solution  is  mixed  with  a  solution  of  sesquichloride 
of  iron,  the  liquid  iuunediately  assumes  a  deep  blackish-red  colour, 
and  in  a  few  moments  it  becomes  filled  with  magnificent  green 
actcnlar  crystals,  which  have  a  metallic  lustre.  These  crystals 
consist  of  a  combination  of  kinone  with  hydrokinone,  which  has 
been  called  gi^etn  hydrokmonc^  (Cj^H/lii  Ci^HiPi)*  Chlorine,  nitric 
acid,  nitrate  of  silver,  and  chromate  of  potash,  when  mixed  with  a 
solution  of  hydrokinone,  also  occasion  the  formation  of  the  same 
compound  :  the  same  substance  is  also  formed  by  mixing  a  sohition 
of  kinone  with  one  of  hydrokinone.  This  beautiful  compound 
fuses  on  tlie  application  of  a  gentle  heat ;   it  is  partially  decom-' 
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the  Li^licr  is  tlicir  melting  point.  The  vegetable  fats  and  oils 
oeeur  ia  various  parts  of  the  plant,  but  tbey  arc  most  aliuiidaut  in 
the  seed.     The  seeds  of  the  crucifera  are  particularly  remarkable 

Ifortbe  large  quantity  of  oil  which  they  furnish  ;  rapeseed  contains 
from  35  to  40  per  cent,  of  oil,  and  liusccd  furuisbes  more  tliau  a  fifth 
of  its  weight.  The  fleshy  fruit  of  the  olive  also  yields  oil  in  great 
abimdauce,  and  the  same  is  the  case  with  tbe  E/ah  guineeiisis  or 
palm  oil  fruit.      In  animals^   fat   is  particularly  liable  to  aceunm- 

llate  imxnediately  beneath  the  cuticIC;,  also  in  the  omentum  and 
around  tlje  kidneys.  The  fatty  l>i>dies  obtained  from  warra-bloodcd 
animals  arc  j^cnerally  solid  at  ordinary  temperatures;  wlnUt  those 

[  from  iish  and  from  cold-blooded  animals  are  bquid.  In  all  cases, 
both  in  tbe  animal  and  in  the  plant,  a  certain  quantity  of  some 
albuminoid  substance  occurs  associated  with  the  oily  body,  and 
this  substance  exerts  an  important  chemical  iuflueuce  upon  the  fat 
when  kept.  In  the  extraction  of  the  oil,  simple  prci^sure  is  gene* 
rally  suHicicnt  to  separate  it  from  tbe  cells  of  the  tissue  iu  which 

[  it  is  contained.  If  it  be  solid  at  ordijiary  temperatures,  it  may 
often  be  procitred  by  boilin«;  the  tissue  with  water ;  it  then  rises  to 
the  suiiace  and  forms  a  layer  which  solidities  on  cooling. 

The  fats  and  oils  ai-e  lighter  than  water,  hai-ing  a  specific 
gravity  varying  from  about  0*91  to  0*94;  they  have  diffcreot 
degrees  of  solidity,  and  do  not  consist  of  any  single  proximate 
principle  in  a  state  of  pnrityj  but  are  for  the  most  part  mixtures, 
in  varying  proportions,  of  at  least  three  diflTerent  closely  allied 
bodies ;  two  of  which,  viz.,  stearin  (from  trriap,  suet)  and  mart/arm 
(from  /<(i^yaprjv,  a  pearl,  owing  to  its  pearly  lustre)^  are  solid  at 
ordinary  temperatiu'cs ;  whilst  the  third,  okin,  is.  liquid.  The 
larger  the  proportion  of  olein  which  is  present,  the  softer  ia  the 
fatj  and  the  lower  is  its  fusing  point. 

All  fats  are  soluble  in  ether,  and  to  a  certain  extent  also  in 
alcohoL  Oil  of  turpentine  and  benzole  likewise  dissolve  them  with 
facility,  and  the  dittcrcnt  fats  and  oils  may  be  mixed  with  each 
other  in  all  proportions.     They  possess  the  property  of  rendering 

I  paper  semitran.sparentj  producing  what  is  well  known  as  a  greasy 
stain.  The  fats  and  oils  may  be  heated  to  nearly  500**  without 
undergoing   any  important  change,  but   they  cannot   be  distilled 

[ivitliout    experiencing    decomposition.       Hence    the    term,  fijped 

\oiis,  is  applied  to  these  bodies  in  contradistinction  to  that  of 
volatile  oih,  which  is  given  to  the  fragrant  essences  obtained  from 
the  vegetable  kingdom,  which  may  be  distilled  witlioufc  alteration. 
At  about  500°  tbe  lata  and  oils  begin  to  give  oil'  acrid  and  oUemive 
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va|>ours,  and  at  a  little  above  600",  they  arc  rapidly  decom| 
with  c volution  of  gaseous  hydrocarljoiis^  the  escape  of  which  jrives 
to  the  oil  the  appearance  of  ebullition ;  as  the  result  of  the  distil* 
lation,a  niL\ture  of  solid  and  liquid  hydrocarbons,  of  water  and  of 
various  fatty  acids,  accompanied  by  a  peculiarly  irritating  substance 
termed  acrolein  (1151^,  are  condensed  in  the  receiver. 

(1129)  General  Nattrre  of  the  Neittrai  Fats, — The  fatty  bodies 
when  heated  with  the  hydrated  alkalies,  experience  a  peculiar 
change,  long  known  under  tlie  title  of  sapmtijicalwji,  or  conver* 
aion  into  soap  (1143)^  during  which  process  all  fats  yield  up  a 
viscid  liquid,  which,  owing  to  its  sweet  taste,  has  been  termed 
ghfcerin  (from  yXujcvc,  sweet).  The  nature  of  this  change  may  be 
ascertained  by  di^^solving  tlie  soap  in  water,  and  then  adding  some 
acid^  such  as  the  tartaric  or  the  hydrochloric,  which  combines  with 
the  alkali  and  forms  a  soluble  comjiound  with  it.  Unctuous  flocculi 
are  thus  separated,  and  on  the  application  of  heat  they  melt, 
and  form  an  oily  layer  on  the  surface  of  the  fluid.  This  substance 
when  cold  is  found  to  possess  properties  very  different  from  those 
of  the  original  fat.  It  is  crystalline,  freely  soluble  in  alcohol,  and 
the  spirituous  solution  reddeus  titmus  paper  strongly.  It  possesses 
distinctly  acid  characters,  aud  it  is  soluble  at  once,  and  without 
the  appearance  of  milkiness,  iu  hot  alkaline  liquids, 

Tliis  unctuous  matter  varies  in  cousisteuce  and  quality  with 
the  nature  of  the  fat  from  which  it  is  procured,  aud  is  for  the  most 
part  a  mixture  of  tlu'ce  acids  (derived  from  the  three  bodies  already 
mt'utioned  as  forming  the  greater  number  of  the  fats),  and  termed 
respectively,  oieic^  stearic,  and  murganc  acids.  It  is  found  that 
the  united  weight  of  tlie  glycerin  and  of  these  fatty  acids,  always 
exceeds  by  tliree  or  four  per  ceut.  that  of  the  fat  originally 
employed* 

In  fact,  the  olein,  stearin,  and  margarin  are  each  compounds 
of  their  respective  fatty  acid,  %vith  the  basis  of  glycerin,  wliicli  has 
been  displaced  by  the  alkali  in  the  act  of  forming  soap ;  the  alkali 
in  displacing  the  base  of  the  glycerin,  gives  up  a  portion  of  water 
to  it,  and  lience  increases  its  weight ;  \4  lille  the  fatty  acid,  on  being 
separated  from  the  soap,  also  in  like  manner  combines  with  a  por- 
tion of  water.  Simple  mixture  of  the  glycerin  aud  of  the  fatty 
acid  together,  therefore,  does  not  again  produce  the  oil  or  fat  from 
which  they  were  obtained. 

Notwithstanding  the  numerous  researches  which  have  been  made 
upon  saponification,  the  exact  formula  for  the  neutral  fats  such  as 
glKsriti^  is  still  a  matter   of  doubt,  aud  the  proportion   of  water 
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which  is  absorbed  during  their  saponification  is  uncertain*  The 
neutral  fats,  however,  are  evidently  analogous  in  composition  to 
tlic  compound  ethers^  and  as  these  by  the  action  of  water  Jjecome 
converted  into  the  hydratcd  acid  and  alcohob  so  the  fats  are  by 
saponification,  or  by  the  action  of  water  at  an  elevated  tempera- 
ture, converted  into  the  by d rated  fatty  acid,  and  glycerin.  Oxalic 
etbcrj  for  instance,  undergoes  the  following  decomposition  i — 

Oiaiio  Etb^r.  AJcohol.  Omlic  Acid. 

fcjffi,  Cfi^    +     4HO    =   atcjip.  HO)   +     2HO,  C,0,; 
and  the  formation  of  stearic  acid   and  glycerin  from  stearin,  may 
be  represented  by  an  analogous  equation  ;  thus  : — 

When  the  oils  arc  mixed  with  an  aqueous  solution  of  the  alka- 
lies, saponification  takes  place  s^lovvly,  but  if  the  oil  be  dissolved  m 
alcohol,  and  then  mbted  with  an  alcoholic  solution  of  the  caustic 
alkali,  both  at  a  boiling  teniperaturCj  the  sai>onifieation  is  instan- 
taneous and  eorapletc, 

Pelouze  has  recently  shown  that  the  saponification  of  the  fats 
and  oils  may  be  effected  by  heating  them  witli  the  anhydrous 
bases,  such  as  caustic  lirac  and  oxide  of  lead  ;  but  a  large  propor- 
tion of  the  glycerin  is  al wnys  destrayed  in  the  operation,  for  want 
of  water  \iith  which  it  can  combine  at  the  moment  of  its  liberation 
m  the  fat ;  and  unless  the  heat  be  carefully  regulated^  the  fatty 
id  itself  is  liable  to  become  deeoraposetL 

When  the  oily  seeds,  such  as  almonds,  walnuts,  or  poppy  seeds^ 
e  crushed  or  pulveriued,  so  as  to  break  up  the  cellular  tissue,  and 
►ring  its  several  components  into  mixture  with  eacdi  other,  the 
neutral  fatty  bodies  which  the  seeds  naturally  contain  are  gradually 
converted  into  fatty  acids,  and  glycerin  is  liberated.  This  change 
has  been  shown  by  Pelouzc  t€*  depend  upon  the  action  of  an  albn- 
minous  ferment  contained  in  the  pulp,  and  is  independent  of  any 
absorption  of  oxygen, 

Tlie  fats  are  more  fusible  than  the  acids  which  they  furnish  on 
saponification,  but  when  exi>osed  to  a  low  temperature  they  become 
much  harder  than  the  fatty  acids.  Generally  they  are  destitute  of 
odour  and  taste  ;  t!ic  pecidiar  scent  emitted  by  some  of  them 
depending  upon  the  presence  of  a  small  proportion  of  some  glycerin 
compound  of  one  of  the  volatile  oily  acids,  such  as  the  butyric, 
valeric,  or  rutic.  It  is  worthy  of  rcimirk,  that  although  the  fata 
themselves  are  but  sparingly  soluble  in  alcohol,  their  solubility  is 
greatly  increased  by  the  presence  of  a  free  fatty  acid.     Ammonia 


;  it  cxMiTerts  them 

r).    IW  oompcHinda 

-  mi  are  crrsUliine. 

e  sifaieet  to  a  pecn- 

bed   hj  the 

d^hi  mbsorp* 

sftion  of 

in  the  oil^ 

M  Ar  fct^  mettiMMg  £nee  the  fatty 

l^BJhalj  pure  BjOs  and  oils 

!r  remoTed  by 

laiihaeqaeiitly 

tke  ^fi^etaUe  oik  are  em- 

,  n  m  MwaiHuj'  to  purify  tliem 

'  cskarrcd 

tike  oi  fiiMi  bmniiig  freely. 

die  «il  way  ht  wised  with  oiie-iafk:ieth 

ift  to  te  wMtd  in  sDudl  per* 

a^itatioci;  dark 

&e  mixttme  is  left  at 

V  iiifnMwi  OS  is  dm  to  bederamol^aiMlllieadheniig 

^  W  maiiwuwi  by  ^tatwug  it  widi  iwe-fcailh  its  fM>hime of 

mliiLlrii  ^h  a  small  f^oportwn  «f  liaie.     Lastlr,  the  oil 

.^mtatmmhf 

<^^  ApfiV  «Mf  Jfaidrfi^  Ofife— Oik  nay  be    further 
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property  of  ahtoiMag  mrgea,  by  vhieh  they  are 
.  t^awirted  into  a  solid  mmmi  thow  wUdi  become  solid 
r^  are  lenned  drfiit§  asln     Some  oah^  Mich  as  lia* 
^  igadiigiiiTiB  ^^  c^anfo  do  not  erohne  any  gas  ;  bat 
of  nKKt  others^  an  erolntioo  of  carbonic 
with  an  escape  of  hydrogen,  lakes  place. 
.  vm^d^ring  oils  do  not  absorb  oxygen,  but  are  coii verted 
,  hjjr  means  of  stibuitrate  of  merauy  or  by  peroxide  of 
^  reaction  of  which  those  of  the  £r$t  variety  are  not  sos* 
the  solidilicatioQ  of  olive  oil  is  effected   by  a  quantity 
teseeedin^  rJ^th  of  the  weight  of  the  oil  (i  177). 

drying  oils  arc  those  of  linseed^  walnut^  hemp, 
I  |iv«r»  and  sperm  oil*     Tlie  absorption  of  oxygen  by  some 
,  and  consequent  elevation  of  temj>erattire,  is,  under 
rvamstances^   so  rapid   as  to  be  attended  with  heat 
,  ^  cause  the  mass  to  take  fire ;  and  several  serious  con* 


I 


PROPEHTIBS    or    TOE    OILS    AND    FAT?. 


359 


flagratiooa  liave  been  traced  to  the  spontaneous  i^iition  of  cotton 
wool  or  tow  soaked  in  linseed  ollj  wliieh  had  been  thrown  aside 
in  refuse  heaps  after  it  had  been  used  in  cleaning  maehinery. 
The  siccaiivc  or  drying  property  of  these  oils  may  he  mueh  in- 
creased by  heating  them  with  about  onc-twentieth  of  their  weight 
of  litharge,  which  beeomcs  completely  dissolved  by  the  oil.  Oxide 
of  manganese  may  be  nsed  for  the  prod  net  ion  of  a  similar  effect : 
lioseeil  oil  whieli  ha^  been  thus  treated,  is  tcclinically  known  as 
bailed  oiL  Clicvreul,  however^  states  tliat  it  is  unnecessary  to 
heat  the  oil  for  so  long  a  time,  or  to  so  high  a  temperature  as  is 
commonly  practised;  linseed  oil  heated  to  j 40'' in  contact  with 
one-teuth  of  its  weight  of  oxide  of  manganese,  having  acquired 
powerful  siccative  properties.  According  to  Liebig,  the  increased 
rapidity  with  which  oil  thus  treated  beeomcs  hard  on  exposure  to 
the  air,  is  due  to  tlie  racclmnica!  removal  of  the  impurities  of  the 
oil  by  the  oxide  of  lead,  ^vhieh  allows  the  oxygen  to  come  more 
freely  into  contact  with  each  particle  of  the  oil. 

The  drying  oils  are  not  solidified  by  contact  with  peroxide  of 
nitrogen,  or  with  suhnitrate  of  mercury,  and  a  fraudulent  mixture 
of  them  with  ohve  or  almond  oil  may  thus  be  detected.  The  oleic 
acid  which  they  furnish  on  saponification,  differs  from  ordinary 
oleic  aeid,  and  absorbs  oxygen  much  more  rapidly  than  the  latter; 
and  in  consequence  of  this  oxidation  it  speedily  becomes  converted 
into  a  transparent  solid  varnish.  For  a  carefnl  investigation  of 
the  changes  which  occur  during  the  drying  of  oUs,  the  reader  ia 
referred  to  a  jjaper  by  Chevreul  (Ann,  de  Chtmie,  III.  xhii,  209), 
The  most  important  of  the  oils  wliich  do  not  become  dry  by  ex- 
posure to  the  air  arc  olive  oil,  almond  oil,  rape  oil,  and  colza  oil, 
besides  many  amiual  oils, 

(a)   Compos'dion  and  Proper iks  of  the  principal  Otk  and  Fats. 

(113a)  I,  Olive  oil  is  prepared  in  great  abundance  in  the  south- 
em  countries  of  Euro^^e ;  it  furnishes  the  principal  oily  material 
employed  in  making  Marseilles  and  C'astilc  soap.  The  ripe  olives  are 
first  subjected  to  pressure  without  the  application  of  heat ;  in 
this  manner  the  finest  oil,  or  tyln/in  oilj  is  obtained  :  the  residue 
is  afterwards  heated  with  water,  and  a  large  quantity  of  an  interior 
mucilaginous  oil  rises  to  the  surface ;  it  is  this  which  is 
chiefly  employed  in  Hoap-making.  The  oil  is  aluays  of  much 
finer  quality  if  extracted  immediately  after  the  fruit  has  l>cen 
crushed,  as  otherwise  it  experiences  a  kind  of  fermentation,  which 
injures  the  quality  of  the  product*     The  solid  ingredient  in  olive 
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oil  is  almost  exclusively  margarin.  Olive  oil  soon  becomes  raoe 
M  lien  kept ;  it  becomes  partially  solid  at  a  few  degrees  l>elow  33 
It  has  the  sp.  gr.  0*9 18» 

2.  Ahnond  oil  is  much  less  extensively  employed ;  it  is  ext 
from  the  kciniel  of  the  annjgdalus  communis,  by  a  process  si 
to  that  adopted  for  olive  oiL     It  has  the  specific  gravity  0*918 
60°^  and  solidities  at  al>out  — 13°- 

3*  Coha  oH^  wiiich  is  largely  used  for  illuminating  purpoeesj 
obtained  from  the  seeds  of  the  Ifi'aifsica  oleifera.      It  is  of  a  yelk 
colour,  and  is  nearly  free  from  odour.      It  has  the  sp.  gr.  0*91  J 
At  a  temperature  of  22*'  F.  it  l>eeomcs  nearly  solid.      Colza   oil  i 

ingly  soluble  in  cold  alcohol,  but  is  readily  dissolved   by  this 
liquid  whh  the  aid  of  heat. 

4.  Linseed  oil  is  pressed  fmin  the  seeds  of  the  Unum  usiiatik 
mmum,  which  yield  about  one-tifth  of  their  weig^ht  of  it.  It  ha 
slight  peculiai'  odour,  is  of  a  yellow  colour,  and  has  the  sp.  gr,  0*95 
at  54^  It  remains  litjuid  till  within  a  few  degrees  of  o*^*  Owing 
its  powerful  drying  properties,  which  are  much  increased 
boiling  with  a  small  quantity  of  litharge  or  of  peruxide  of 
gane^  it  is  extensively  used  as  a  vehicle  for  mixiog  with  colou 
for  painting  in  oil  :  it  is  also  largely  employed  in  the  prcparatia 
of  printer's  ink,  in  the  preparation  of  black  enamel  for  Icathe 
and  in  the  varnishing  of  oiled  !*iik.  If  exposed  for  some  time  to 
a  liigli  temperature  it  becomes  converted  into  a  dark  tcnacic 
mass,  which  when  cold  may  be  drawn  out  into  threads ;  in 
state,  if  mixed  with  eliarcoal,  it  constitutes  printer's  ink.  If 
tenacious  residue  obtained  by  beating  the  oil  be  boiled  for  son 
hours  with  dUute  nitric  acid,  it  acquires  a  consistence  resembliii 
that  of  ordinary  lead  plaster,  and  becomes  bard  on  exposure  lo  \ 
air,  but  it  softens  iigain  by  tfie  heat  of  boiling  water,  and  acquires  J 
consistence  resemhlidg  tliat  of  caoutchouc,  for  whieh  it  has  In 
substituted  in  some  instances.  This  caoutchouc  c/  aiU  is  mint 
in  oil  of  tui-pentine,  in  bisulphide  of  carlion,  and  in  dilute  alk 
line  solutions ;  on  neutral iating  these  alkaline  solutions  of 
caoutchouc  by  means  of  an  acid,  the  caoutchouc  is  precipitat 
unaltered.  Other  drying  oils  besides  linseed  oil,  yield  a  simil 
substance,  though  less  abundantly. 


The  oleic  acid  furnished  by  the  saponification   of  linseed 
differs   from   ordinary    oleic    aeid ;    Sacc  terms  it    linoleic 
and  assigns  to  it  the  formula  (HO,  CjaH^^sOo}'     It  absorbs  oxyi 
rapidly  from  the  air,  even  when  combined  with  oxide  of  lead 
other  bases. 
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5.  Speimh  oil  is  tlie  liquid  portion  of  the  fat  of  the  spermaceti 
whale.  It  has  the  sp.  gr.  0*868,  and  is  of  a  yellow  colour ;  it  has 
a  pecidiar  disagreeable  odour  and  taste,  due  to  the  presence  of  a 
small  quantity  of  a  peculiar  oil,  termed  phocemn  by  Chcvrcul ; 
thtB  body  when  saponified  yields  glycerin  and  a  volatile  acidj 
apparently  identical  with  the  valeric*  The  other  constituents 
of  the  oil  are  niargarin  and  oleiu.  The  olein  eoutained  in  sperni 
oil  diiTers  from  that  of  olive  oil,  since,  although  it  becomes  s^did 
under  the  action  of  peroxide  of  nitrogen,  it  possesses  a  dryiug 
quality.  Sperm  oil  licconie^  semisolid  at  about  45°.  It  may  be 
purilled  by  agitating  100  parts  of  the  oil  with  a  mixture  of  4  parts 
of  chloride  of  lime  with  12  of  water;  a  small  quantity  of  decoc- 
tion of  oak  bark  is  afterwards  added  to  remove  traces  of  a  gela- 
tinous  matter  which  it  retains,  and  the  mixture  is  left  to  settle  j 
the  clear  oil  is  afterwaixls  agitated  with  a  small  proportion 
of  sulphuric  acid,  again  clarified  by  BubsidcncCj  and  washed  to 
remove  adhering  sulphiunc  acid^ 

6.  Ordinary  whah  oil  is  of  a  darker  yellow  colour,  and  has  a 
more  disagreeable  odour  than  the  foregoing  oiL  It  has  the  sp.  gr, 
0-927,  and  does  not  become  solid  above  32°. 

7.  Cod  liver  oil  has  recently  acquired  importance  fmm  its 
extensive  employmeut  as  a  therapeutic  agent,  It  is  extracted 
from  the  liver  of  the  Gadus  morrhua,  or  common  cod  fish.  Its 
colour  varies  from  a  pale,  scarcely  perceptible  yellow,  to  a  deep 
brown,  according  to  the  mmle  of  its  extraction.  It  has  a  pecu- 
liar fishy  odour  and  taste,  and  the  sp,  gr.  0*928.  In  addition  to 
the  usual  components  of  the  fish  oils,  it  ap|>ears  to  coutaiu  a  com- 
])ouud  of  acetic  acid  with  glycerin  (acetin,  j  149}  •  it  also  contains 
a  cert^iin  proiK>rtion  of  the  constituents  of  the  bile,  and  a  small 
quantity  of  a  phosphoriKed  fat,  bet?ides  minute  quantities  of  iodine 
and  bromine  in  a  state  of  combination  with  some  organic  sub- 
stance. Ether  dissolves  the  oil  without  difficulty,  but  cold  alcohol 
takes  up  only  a  small  quantity  of  it.  The  iodine  and  bromine 
are  not  in  the  form  of  a  metallic  iodide  or  biomidc]  indeed, 
their  presence  cannot  be  detected  until  the  oil  has  been  saponified 
and  the  soap  charred,  "When  a  drop  of  concentrated  sulplmric 
acid  is  allowed  to  fall  into  the  oil^  it  produces  a  beautiful  crimson 
colour^  owing  to  the  action  of  the  acid  upon  the  biliary  matter 
present. 

8.  Cmlor  oil  {»p,  gr.  0*969,  obtained  from  the  seeds  of  the  Ru 
cinus  commufm)  forms  a  conuectiug  link  between  the  drying  and 
lion-drying  oils,  smce  it  gradually  becomes  hard  by  long  exposure 
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to  air.     Castor  oil  has  an  acrid  taste,  which  it  is  stated  may  be  re- 
moved by  agitation  with  magnesia.    This  oil  is  of  a  very  viscid  oon* 
Bisteiicc,  but  it  does  not  become  solid  even  at  a  temperature  of  o*^  F, 
Castor  oil  differs  from  the  other  fixed  oils  in  beiiig  soluble  in  alctihol 
in  all  pnjportions.    The  principal  acid  obtained  by  its  saponiticatiou 
is    a    modification    of    oleic    acid,    termed    rimnolic    acid    (HO, 
€3^11330,^),   which   remains    flmd    at  a  temperature    considerably 
below  32^.     By  the  action  of  peroxide  of  nitrogen  it  becomes  con- 
verted into  a  solid  isomeric  fat,  termed  incinelaidic  or  pai}nic  acid. 
When   treated  with   ammonia,  castor  oil  yields  a  solid  crj^stalli 
amide,  ricinolamide  {Q-^y\\^^^0^.     The  oil,   when   distilled,   fi 
uisbes  ocnanthylic  acid  (HO,  Ci^Hj^Oa ;  1161),  and  a   large  q« 
tity  of  tlie  aldchyd  of  this  acid  (C,^H,jOa  ;  977)>  which  was  tcmai 
OBnanthol  by  Bossy*    When  castor  oil  is  distilled  with  hydrate 
potash  it  is    decomposed,    the  principal    products    being    cei 
acid   (1179),  which   remains   in  the  retort,  whilst   hydrogen 
is  liberated,  and  a  quantity  of  a  volatile  liquid,  octylic  or  capry 
alcohol,  is  distilled  over  (969). 

(i  133)   The   Solid  Fats. — The  solid  fata  of  vegetable  oi 
which  ai^e  in  most  frequent  use  are  cocoa-nut  oil,  nutmeg  bttttcT| 
and  palm  oil ;  those  of  animal  origin  are  butter,  suet,  lard,  spcR 
maceti,  and  bees'  wax. 

Palm  oil,  nutmeg  butter,  and  coeoa-nut  oil,  each  eontaia 
different  solid  fatty  acid,  which,  in  combination  with   the  basis 
glycerin,  constitutes   the   principal    portion  of  the  solid  part 
the  oil. 

I.  Cocoa-nut  oil  is  obtained  from  the  Cocos  nucifera.   It  isl; 
consumed  in  the  manufacture  of  caudles  ;  it  is  also  used  in  tht 
preparation    of  a   species  of  soap    employed  for    wasliiiig  in  sea 
water,    and   hence   termed    marine   soap ;   it  fuses  at  about  68^j™ 
Cocoa-nut  oil  is  a  very  complex  fat,  for  it  yicldd  not  fewer  thaa^l 
six  dilicrent  acids  on  saponification.     These  acids,  according  to 
Georgey,  are —  ^M 


Caproic  acid 
Caprylic  acid 
Rutic  acid 


.  HO,  C,2H,,0, 
.  HO,  C,,U,,0, 
.  HO,  C^oH^^O, 


Laurie  acid 
Myri&tic  acid 
Palmitic  acid 


HO,  C,JIv,Oj 
HO,  C^H.^0, 
HO,  C:^H,A. 


Cocoa    nut  oil  probably  also   contains  oleic  acid,  since  it  yields 
■ebacic  acid  when  distilled. 

2.  Palm  oil  is  produced  from  the  pulp  of  the  ripe  firuit  of  the 
Blah  ffuhteefisiit,  which  is  of  a  bright  orange  or  golden  yelloir 
colour,     Tlic  oil  is  obtained  by  heating  the  crushed  firuit  with 
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boiling  water.  It  has  an  agreeable  odour  resembling  tliat  of 
violets.  Tbe  solid  portion  of  palm  oil  consists  chiefly  of  a  peculiar 
fet,  which  has  received  the  name  of  pahnitin^  and  which,  when 
saponified,  yields  palmitic  acid  (1 10,  C32H31O3).  Palm  oil  spcetlily 
becomes  rancid  when  kept,  and^  though  ivlien  fresh  it  melts  at 
about  Hi°j  it  gmdually  becomes  less  fusible  till  it  remains  solid  at  a 
temperature  of  ico"^.  Tliis  change  is  due  to  the  spontaneous 
decomposition  of  the  paliuitiu,  and  the  bbcmtion  of  pabnitic  acid, 
nnder  the  influence  of  the  azotised  constituent  of  the  fruit  wldch 
accompanies  the  oil  in  the  process  of  extraction*  Palm  oil  is 
readily  decolorized  by  exposure  to  air  at  a  Iiigh  temperature, 
but  it  is  more  usual  to  ellect  this  bleaching  of  the  oil  by  the 
addition  of  a  small  quantity  of  stdphuric  acitl  and  bichromate  of 
I)otash.  Tliis  oil  constitutes  an  im[x>rtant  article  of  commerce, 
upwanls  of  20,000  tons  being  annually  imported  from  the  western 
coast  of  Afnca.  It  is  consumed  in  immcutie  quantities  in  the 
manufacture  of  caudles  and  of  soap, 

3,  Butter  consists  of  a  mixtui'e  of  several  fats,  amongst  wliicli 
palm  i tin  is  the  principal  solid  constituent ;  the  olein  was  considered 
by  Bromeis  to  be  of  a  peculiar  kiudj  which  he  termed  bitty rotein  ; 
but  Gottlieb  has  shown  that  the  difference  in  properties  bctweeu 
the  oleic  acid  obtained  by  Bromeis  from  butter,  and  that  obtained 
from  ordinary  olein,  depended  simply  upon  the  oxidation  which  it  had 
midcrgone  during  the  process  adopted  in  preparing  it ;  and  he  has 
procured  pure  oleic  acid  from  butter.  According  to  Heiutz,  the  solid 
portion  of  butter  contains,  in  addition  to  palmitic  acid,  another 
acid,  termed  by  him  butic  acid^  HO,  C^jjIL^j^CXj,  The  characteristic 
odour  and  flavour  of  butter  are  owing  to  the  presence  of  a  sniall 
quantity  of  some  peculiar  fats,  viz.,  butyrin,  caproin,  and  caprylin ; 
each  of  tliese  fats,  when  saponified,  yields  glycerin,  and  a  pecidiar 
volatile  acid,  viz.,  butyric  acid  HO,  €^1170^  eaproic  acid  HO, 
CigHiiOg,  and  eaprylic  acid  HO,  Cjelli^Oa* 

In  certain  instances  Lereh  found  no  butyric  or  eaproic 
acid  in  butter,  but  in  their  stead  he  discovered  an  acid,  which  he 
lias  termed  the  vacchdc  (HO,  CgoHigOg).  This  acid  contains  the 
elements  of  i  ef|uivalent  of  hydratcd  butyric  acid  and  one  of 
hydrated  eaproic  acid,  minus  2  equivalents  of  oxygen : — 

V»ocinio  Acid.  Butjritf  Acid*  Caproie  Acid. 

HO,  C^H^.O,    +     20    =    no,  C,H,0,    -f    110,  O.JIijO,. 
A  solution  of  vaccinate  of  barj^ta,  when  exposed  to  the  air,  absorba 
oxygen,   and  tlius  becomes  converted  into  a  mixture  of  butyrate 
and  caproate  of  this  base. 
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4,  Lard  is  the  soft  fat  of  the  pig,  in  which  the  olein  predomi- 
iiatcs  over  the  margarin  and  steariu. 

^5.  Suet  is  the  fat  of  the  ox  or  of  the  sheep  ;  when  melted  down 
it  forms  tallow.  MuttOD  suet  is  of  a  tiririer  consistence  ih&D 
that  from  the  ox;  its  solid  portion  consists  almost  exdu^rely 
of  stearin. 

(i  134)  Sfermaceti  is  the  solid  crystalline  fat  wbicb  is  extraolcd 
from  the  brain  of  the  si>erraaeeti  whale;  it  is  accompanied  by  a 
Huid   oil   (sperm  oil).      Spermaceti    differs   from  the  ordinary'  fats 
in  not  yielding  glycerin    when   saponified,   bnt   in    furnishing  in 
its  stead  a  ditterent  base,  termed  ethal  (C32H34O2).       Pure  spenna- 
ceti,  or  cetin  (Ct^H^Oj^  fuses   at   about    120^,   and   solidi6<^  to  a^ 
silky  semitransparent  crystalline  fat  of  delicate  whiteness^   and 
the  Bp.  gr.  "940.      It  is  inwnbible  in  cold  alcohol  of  Bp.  gr.  of  *^it 
but  is  soluble  in  hot   anhydrous  alcohol,  and  is  freely  soluble  in 
hot  ether,  from  which   it  crystallizes  on  cooling.      It  is   acted  oil 
with  ditfietdty  by  an  aqueous  solution  of  potash.      If  subjected  to 
distillation,  it  is  decomposed ;  a  liquid  hydrocarbon,  C^vllg^  collefi 
cetetw  or  cetyhne^  parses  over,  and  idtimately  palmitic  acid  (tbt 
cthalic  of  Dumas)   (IIO,  ^'ai'^^aiQi)  distils  over. 

The   same    acid    is   formed    when   spermaceti    is    fused   witt 
hydrate  of  potash  at  a  beat  of  about  2%o^.      Under  these  circu 
stances,    the    mass,  which   is    at    first  fluid,    gradually    soUd 
AVhen   this    has   oecnrred,    it   must    be    treated    with  w*ater, 
decomposed  by  hydrochloric  acid :  the  fatty  mass  is  boiled   mtl 
lime,  and   then   treated  with   alcohol ;  palraitatc  of  lime   remain 
undissulvcd,   whilst   the   new    fatty  base,   ethal,    is    reeovere*! 
evaporation.      It  is  purified  by  redissolving  it  in  ether  and 
rating, 

Etha!  (CaaHtjiO^  =  Ca^Ha^O,  HO)  is  a  white  solid,  fusible  al 
118°.  It  is  soluble  in  hot  alcohol,  and  crystallizes  in  plates  as  it 
cools.  It  may  be  volatilized  by  heat  without  experiencing  deconi'^J 
position.  If  distilled  with  an  hydrous  phosphoric  acid,  it  yielil^l 
cetene  CgsHjj,  a  hydrocarbon  homologous  with  olefiant  gas.  Ktb&I 
possesses  the  properties  of  a  true  aleo!iol ;  it  stands  in  the  wimc 
relation  to  palmitic  acid  as  alcohol  does  to  acetic  acid;  bt 
example : — 


AkH>bol, 


Afs^lie  Aatd. 


c,n,o,HO 


+    o.   = 


HO.  C,H,0, 

Palmitir  Acid, 


+     2  HO; 


C^II^O,  HO     4-     O,    =      HO,  C,,H,,0,  +    a  HO, 
When  the  vapour  of  alcohol   is  passed  over  heated   livdivle  of*| 


bees'  wax. 
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5tash,  hydrogen  escapes,  and  acetate  of  the  base  remains  behind  ; 
[-whilst  cthal»  under  Himilar  treatment,  also  evolves  hydrogen,  and 
(produces  palraitate  of  potash  : — 

Aicoliot.  H jdnit«  of  PotMH.  AccUte  of  Fot&^. 

KO,  ho'     =     6o~C,HA    + 


C^H.O,  Ht 

EtbAL 


c,,n^o,  HO 


Hydrat*'  <jf  P<*tuh.        P^lroitai*  of  Fouuh. 

+  m^Ho   =   KoTc^u^o^  +   H,. 


"With  8nl]>lHiric  acid  it  forais  a  couplal  acid,  the  sulphoceltc^ 
(HO,  C^jH^^O,  2  SO;,),  which  corresponds  with  sulphetliylic  acid. 
A  cet^lic  father  2  {Cj^Ha;^),  O^  has  also  been  obtained,  spci-maccti 
being,  in  fact,  a  comfiound  of  this  body  with  palmitic  acid,  or  a 
palmitate  of  oxide  of  cetyle  (Cjiall^sJO,  Cg-jH^iOj,  and  a  horaologne 
of  acetic  ctlier  (04115)0,  CiHjOj.  Spermaceti,  when  oxidizeil  by 
nitric  acid,  yields  o^nanthylic,  adipic,  and  pimcHc  acids,  and  a  large 
quantity  of  succinic  acid* 

(1135)  Bees'  Wax  has  been  the  subject  of  numerous  investi- 
gations, but  its  true  nature  appears  at  length  to  have  been 
satisfactorily  explained  by  Brodie  {Fhtt.  Trans,,  1848,  1849)* 
Many  vegetables  produce  substances  in  appearance  greatly  resem- 
bling the  wax  furnished  by  the  honcy-l>cc,  but  tbci^e  bodies  have  not 
been  thoroughly  examined.  Bees,  even  tliough  fed  upon  pure 
Sugar  only,  hax-e  the  {jower  of  convertiug  it  into  wax,  which  is 
therefore  to  be  regarded  in  the  light  of  an  animal  secretion. 
Bees'  wax,  at  ordinary  temperatures,  is  tough  and  solid  :  it  lias  a 
yellow  colour,  a  peculiar  smell,  and  an  mictuous  feel ;  it  fuses  at 
about  t4S°f  ^*^f^  ^*^^^  ^^^^  sp.  gr.  096.  When  exposed  in  thin  &lice» 
to  the  air  it  becomes  bleached,  and  is  then  somewhat  less  fusible. 
It  may  aUo  be  bleached  by  means  of  nitric  acid ;  but  cldorine, 
though  it  destroys  the  colour,  cannot  be  employed  for  this  purpose 
with  advantage;  for  it  was  observed  by  Gay  Lussac  that  a  substi- 
tution of  chlorine  for  a  portion  of  l»ydrogcn  occurs  under  tlic^c 
circum stances,  and  when  candles  made  from  such  wax  are  barnedj 
irritating  vapours  of  hydroelilonc  acid  are  evolved. 

Wax  consists  of  three  diflcrent  substances,  which  may  be 
partially  separateil  from  each  otlicr  by  means  of  aleohoL  These 
bodies  are,  k  Mi/ricm,  which  is  insoluble  in  boiling  alcohol  ; 
2*  Cerin^  or  cerotic  acid,  which  is  dissolved  by  boiling  alcohol, 
but  crystallizes  out  on  cooling,  and,  3.  CVro/ei«,  which  is  retained 
in  the  cold  alcoholic  liquid. 

Cerolelu,  the  substance  soluble  in  cold  alcohol,  is  a  greasy 
body,  to  which  the  colour,  odour,  and  tenacity  of  the  wax  arc 
due;   it  has  an  acid  reaction;  it  fu^es  at  about  i^^^,  and  is  readilif 
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Bolttlile  in  ether ;  but  it  his  been  only  mcompletelj  examined.    It 
eoDAtitiites  not  more  than  4  or  5  per  cent,  of  the  wax. 

Ceroiic  add  (HO,  Cj^HgaO^;  Brodie)  is  extracted  from  ma 
by  menns  of  boUiujg^  alcohol^  and  is  purified  by  i^ecrystaliisatkn 
from  alcohol  until  its  melting  point  rises  to  162''  F.  It  is  tbm 
rccr}*«talltxcd  from  ether  until  it  fnscs  at  1 74**^  which  is  the  roeltiiig 
point  of  the  ptire  acid.  The  projiortiori  of  firee  ccrotic  acid  owi- 
talncd  ill  wax  varies  in  different  samples.  In  a  spccimeti  fima 
Ceylon  it  was  entirely  wanting.  In  a  sample  of  genuine  bees'  wax^ 
operated  on  by  Brodie^  the  cerotic  acid  constituted  about  22  per 
'cent*  uf  tlte  wax.*  If  due  care  be  taken,  cerotic  acid  may  be 
distilled  without  undergoiug  decomposition. 

Myrichi. — The  portion  of  the  wax  insoluble  in  alcohol  caa- 
stitutca  upwards  of  two-thirds  of  the  bulk  of  ordinary  bees'  wai. 
It  melts  at  147''.  It  is  a  mixture  of  two  difrcrcut  bodies,  both  of 
which  arc  insoluble  in  alcohol,  but  soluble  in  ether;  a  portion 
cryntiillizes  from  the  ethereal  solution  in  feathery  scales;  by 
repeated  cry st;U ligation  from  ether  a  sul)stance  may  Ijc  obtaiDcd, 
wliich  solidities  at  162°  P,  To  this  substance  the  name  of  myri- 
ciu  is  coiifnicd  by  lirodie.  The  other  more  fusible  Ixxly  which 
accompanies  it  is  less  abundant,  and  has  not  been  completely 
investigated*  Purified  myricin,  wlien  treated  with  hydrate  of 
potasih,  is  easily  saponified ;  by  this  means  a  salt  of  palmitic  acid 
is  ubtaiuL'd,  and  anotlicrwax  alcohol,  »u7i*«y/ic  alcohol,  or  meiismn, 
{Ct^J\,nO,  IIQ),  is  iil>eratc<L  From  this  deeompoaition  it  appears^ 
that  myricin  is  a  body  analogous  to  spermaceti  and  to  Chinese  wax  ;H 
pure  invi'icin  iKniig  a  palmitate  of  oxide  0/  fneiiamfle,  (Ci^H^O, 
C^II.iO;,}  or  (CVH,„OJ.  ^ 

Melissin  fuses  at  185°*     It  is  soluble  with  difiiculty  even  i 
boiliug  alcohol.      It  crystallizes  from  a  hot  solution  in  ether  ia 
satiny  crystals.     Benzoic   is   a   better  &olvcut  for  it    than  eitlicf 
alcohol  or  ether.     When  melissic  alcohol  is  distillcfl  with  heai 
hydrate   of  potash,   it    is  deconiposad,   hydrogen   is  evolved,  aod 
mclissatc  of  potas^h  is  formed ;  the  reaction  being  analogous  to 


i.,rt^O^),  iho  produce  of  a  aperies  of  insect  of 
state  of  combiuiition  with  oxid# 


•  Cirmeae  wax.  (t^„,»H„      .  . 

eoocu*  thhc,  contoiiis  xerotic  acid  m  a  si  ^ 

eorotyl**!  t'fjriiiiui;  a  gubstanre  wlvieli  fusee  at  i8a°,  and  is  homologonn  with 
itjeiMukcclit  which  in  its  crjBt^liue  appearance  it  cousiderably  resemhle^i 
*^  8p«rni»<'*^*^-  Chioow  Wax. 

rvu«.«iii  \thcn  decomposed  by  fusion  with  livdrateof  potwh.  yicJd* 
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by  wliicTi  acetate  of  potash  is  produced  when  ordinary  alcohol  is 


treated  in  a  similar  mauner  : 


Meii«At«  of  Fotuh, 


C«„H,iO.  HO    +    KG,  HO    -   (EoTc^H^)  -f-    H,  , 
Meliisic  acid,  it  will  be  seen,  is  the  homolague  of  acetic  acid,  and 
belongs  to  the  series  of  acids^  HO,  (C„H,_,)Og;  it  fuses  at  J9a**Pp, 
and  may  be  volatilized  without  decomposition. 

Wax,  when  siilimitted  to  distillation,  yields  several  solid 
hydrocarbons,  among  which  is  mekne  (C^^jH^j^).  The  principal  pro- 
duct of  the  oxidation  of  wax  by  means  of  nitric  acid  is  succinic  acid* 

From  the  foref^oitig  statements  it  appears,  therefore,  that  bees* 
wax  is  a  mixture  of  ccrotic  acid  (ccriu)  with  palmitate  of  melissyle 
(myricin),  in  addition  to  which  is  a  portion  of  a  third  body  aUied 
tomyricin,  as  yet  but  imperfectly  examined  ;  with  a  small  quantity 
of  a  soft  greasy  substance,  ccrolein*  The  following  substances  may 
be  enumerated  as  derivatives  from  wax ; — 


Cerotic  acid  [cerin) 

Ccr}dic  alcohol  {ceroihi) 

Chinese  wax 

Cerene  (paraffin) 

^fclissylic  alcohol  [melis^in) 

Melissic  acid 

Palmitic  acid 

Myricin 

Mclenc  {paraffin) 


HO,  C„H,30, 

c„n«o,  no 

^f^llri4 

c„,H,„o,  no 

HO,  C«.,H,„0, 
HO,  C3,H„03 
C„,H^,0, 


^^^^  (i)  Proximate  ConsfHuenis  of  the  Fats  and  Oils, 

W  (i  136)  Fi'om  the  preceding  general  description  of  the  oils  and 

£ats,  it  is  evident  that  these  bodies  contain  several  distinct  sub- 
stances^ which  are  analogous  to  each  other  in  chemical  composition. 
The  most  imp(3rtant  of  these  neutral  fats  arc  stearin^  palmitiuj 
margarin,  and  olein. 

(1137)  Stearin  (CyJInoOij;  Berthelot)  is  a  wdiite  ciystalline 
fat|   soluble   in  about  seven   times  its  weight  of  boiling   alcoliol, 

I  and  much  more  freely  so  in  hot  ether.  Nearly  the  whole  of 
the  stearin  separates  from  these  liquids  as  tbey  cool.  Duffy 
(Q.  X  Chetn.  Soc,  v.  210)  finds  that  stearin  may  exist  in  three 
modifications,  each  of  which  has  a  different  fusing  point.  Under 
ordinary  circumstances,  the  melting  point  is  144°  I'\,  but  this  tem- 
perature varies  in  a  remarkable  manner  under  the  influence  of 
slight  differences  of  the  temperature  to  which  the  stearin  is  ex- 
posed during  the  act  of  fusion : — 1.  If  stearin  be  heated  to  151'*,  and 
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aUowed  to  cool,  it  remains  liquid  till  it  readies  124',  and  after  1 
salidificattDii  it  may  be  melted  at  125^6; — 2.  bat  if  steariii^  which 
ban  l)€cn  melted  at  tlii.<  temperature,  be  a^in allowed  to  solidify,  it' 
rcqnin'K  a  temperature  of  147^*4  for  its  liquefaction; — and  3.1 
itearin,  wliicb  bas  been  melted  at  144^^,  and  the  temp^erature 
Mhieli  hn«  not  been  raised  beyond  l47^  solidifies  at  141  "^"S,  but  aftcfl 
militlilicatioji  it  reqnire^  a  temperature  of  i^;"*  for  its  liquefacdoiLj 
Tbe*e  three  modifications  of  stearin  have  different  densities : — 

Sp.  Or, 

1.  Modification  a,  fusible  at  I25°"6     .     0*986 

2.  Modification  /3,  fusible  at   147*^4      .      I'Oio 

3.  Modification  y,  fusible  at  157°         .      I'oiy* 

Similar  modifications  arc  produced  by  heat  upon  palmitin. 

Steann  ia  the  most  abundant  of  the  solid  constituents  of  the 
fatM  and  fixed  oils.  It  m  generally  prepared  from  mutton  suet,  ial 
which  it  is  mixed  with  but  sniall  quantities  of  other  fats :  the  suelj 
ii  heated  with  about  ten  times  its  volume  of  ether  5  when  it  oooIm 
tb<*  olciii  and  marj^^arin  arc  held  in  solution,  while  the  stearin  crys- 
talli/.c8  in  jK*nrly  scales.  These  must  be  pressed  between  folds  of 
blotting  pa[)er,  redissolved  in  ether^  and  reerystallized  until  the 
mclliiip  point  becomes  constant* 

BrrtUclot  lias  snceecded  in  ])rcparing  stearin  artificiaUy,  by 
beating  stearic  acid  and  glycerin  together  in  closed  vessels  for 
several  hours  mulcr  jjrcs8m*e.  lie  has  also  obtained  all  the  other 
licutnd  fiUs  liy  wimilar  nieans  (1149)* 

(1138)  Palmitin  (Cny^llofii^f  Bcrthclot). — This   fat   is   con- 
tained  abundantly   in    palm    oil,   from   which   it  has  received  its 
name.      It    is  e\traett'd    from   the   oil  by  first    pressing  out  the 
liqtnd  portion,  treating  the  residue  with  boiling  alcohol  to  removi^H 
free   palmitic   ai'id.   and  then  crystallizing  repeatedly  from   ethei^^* 
Accortling    to    Diif!y  tlie  lowest  [>oint  at  which  palmitin  remains 
liquid  is  n3°'9;   hut   it  has  three  dilVcrent  melting  points,  viz.-- 
n4*'*8,  143'*,  and  145*^,  which  correspond  to  three  ditierent  modij 
fi  cat  ions  like  those  of  stearin.       Palmitin  is  also  present  in  bees^ 
wax,    in   cocoa-nut   oil^  and  (according  to  Heintz)  in  human  fat. 
The  tree   wax   of  Japan,  according  to  Sthamer,  consists  of  pure 
palmitin. 


LUIS 

)d9 

es^l 


•  IIoiEt^,  on  repciiling  Duffy *8  experiments  upon  pure  Biearin  prepm 
iyntlieti cully  by  Berthf lot's  process  (1149).  obtained  oii!y  th<?  rarietica  a  ai 
•y  1  Dufly'fl  pi  he  eoiigidcrs  to  have  been  pivxtuced  from  tht*  presence  of  a  slii; 
impurily  in  the  stearin.     The  fusing:  points  ^n\*u  by  Heintz  are  a  little  higher 
thun  Lhise  of  DuEy— vk.,  for  a  131'',  and  for  y  i6o''-8» 
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(1139)  Mauoarin  (Cu^lli,^iOi2i  Berthelot)  crystallizes  in 
pearly  scales,  wliieJi  are  fusible  at  aljoiit  II6^  It  re<|uire9 
about  400  times  its  weight  of  boiling  aleohol  for  soliition, 
and  19  deposited  almost  entirely  on  eooiing.  Margstrin  consti- 
tutes the  solid  ingredient  of  goose  grease^  of  hnman  fat,  and  of 
olive  oil*  It  may  l>e  extracted  from  olive  oil  f>y  eooling  it  to  32**, 
and  tlien  submitting  it  to  pressure ;  the  solid  portion  is  again 
melted  and  cooled  slowly,  and  a  second  time  sul)mittcd  to  prca- 
sure,  at  a  temperature  of  from  5 5°  to  60®.  After  two  or  three  crys- 
tallizations from  boiling  alcohol^  tlie  mai^arin  is  obtained  nearly 
pure. 

Aecording  to  Heintz,  margariu  is  not  a  simple  fat ;  for  when 
«aponified,  the  acid  which  it  yields,  antl  which  in  comuionly 
described  as  margaric  acid,  atlmits  of  separation  into  palmitic  and 
stearic  acids  ;  hence  what  is  called  margaric  acid  appeara  to  be  a 
mere  mixture  of  these  acids  (i  156}. 

(1140)  Olein  {CmHirtPjaJ  Berthelot). — Pure  olein  is  colour- 
less; it  is  not  solidified  by  a  cold  of  32°.  By  exposure  to  the  air 
it  absorbs  oxygen  slowly,  with  evolution  of  earljonic  acid,  and 
becomes  resinoid  in  appearance.  Olein  when  distilled  gives  rise,  * 
amongst  otiier  products,  to  the  form  at  ion  of  scbacic  acid  (2  110, 
CaoHitjOjj),  which  i>»  a  ehai-acterii^tic  product  of  the  destructive  dJs. 
tillation  of  oleic  acid.  Peroxide  of  niti*ogen  converts  olein  into  an 
isomeric  solid  fat,  which  has  received  the  name  of  efaldin.  Subni- 
trate  of  mercury,  which  has  been  prepared  without  the  aid  of  heat, 
retains  a  sufficient  quantity  of  peroxide  of  nitrogen  to  enable  it, 
when  placed  in  contact  with  olein,  to  convert  it  into  elaidin ;  and 
it  produces  a  similar  eflect  upon  all  oils  wiiich  contain  that 
variety  of  olein  which  is  present  in  the  non-drying  oils.  The 
drying  oils  contain  a  form  of  olcin  which  doci*  not  become  solid 
when  mixed  with  subnitratc  of  nicrcur)^ ;  hence  tliis  salt  lias  been 
cmployetl  in  testing  olive  oil  suspected  to  have  been  mlulterated 
vith  poppy  and  other  cheap  dicing  oils.  The  oil  is  agitated  with 
Vith  of  its  weight  of  a  solution  of  the  sub-nitrate;  the  purer 
the  oil  the  more  readily  docs  it  become  solid  when  tims  treated, 

Tlie  purification  of  olein  is  attended  with  considcniblc  dithculry: 
it  may  however  be  obtained  cither  by  soHdifying  olive  oil  at  a  tcm- 
peratnre  of  32"*  and  pressing  out  the  liquitl  portion,  or  by  dissolving 
the  oil  in  boiling  alcohol,  which,  as  it  cools,  depo'^its  nearly  the  whole 
of  the  stearin  and  margariu,  but  retains  the  whole  of  the  olein  in 
solution  :  the  olein  may  then  be  recovered  by  driving  off  the  alcohol 
by  heat.    Olein  is  saponified  with  greater  difficulty  than  the  solid  fata 

FAJiT   HI.  a   B 


witlkit 
a  vltite 

iUmiA  mm^  fa^mtkmei  woAm;  bcncc  by  theadiHtionqf  cMoride 
1^  iridl«iii|  or  4yr  eraitie  alluili,  to  «  fiolotioo  of  mmjp^  llie  «oap  k 
ilpifiikd  ffOfH  the  llqmA  m  tlie  ibUd  fiMm. 

(1143)   VarutiieB  uf  ik^ap, — Tberc  ate  fluriaiis  kinds  of  softp, 
depfiuk'tit  cm  itie  iiuture  of  ibe  fki,  aa  veil  as  upon  that  of  the 
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ase  used  in  its  prepamtion.  The  hfuse  of  tbe  hard  soaps  is  soda, 
Ihat  of  the  soft  soaps  is  potash.  The  common  soft  soaps  have 
Iways  a  more  powerful  alkaline  iTaetion  thito  the  hard  soaps, 
!>wijig  to  the  presence  of  an  excess  of  alkali,  which  adds  to 
tlicir  detergeut  power  ;  they  also  usually  contain  the  glycerin  of 
the  fat  J  which  the  manufacturer  has  not  been  at  the  pains  to 
^separate.  If  the  oil  be  heated  with  oxide  of  lead,  instead  oi 
H^'ith  alkali,  a  white,  solid,  fusible  conipound,  well  known  as 
lead  piaster,  is  formed  ;  wliich  is,  in  fact,  a  soap  containing  oxide 
of  lead  as  its  base,  instead  of  soda  or  potash.  Tlie  earths  if 
lx)ileil  with  the  oils  also  produce  soaps  ;  but  such  soaps  are  in- 
soluble in  water,  and  it  is  owing  to  the  formation  of  tlicse  com- 
I pounds  that  the  curdi'tn^  of  soap  by  hard  water  ts  occasioned. 
Now*,  hard  waters  are  waters  which  contain  a  certain  quantity 
of  earthy    saltii- — usually   of    lime   or   of   magnesia.      When    or- 

»dinary  soap  is  dissolved  in  these  waters  double  decomposition 
occurs,  the  lime  displaccH  tlie  alkali  in  the  soap,  and  the  alkali  in 
turn   combines    witli   tlic   acid   which   w^ai^  previously  united  with 

■  the  lime;  and  the  iosolnble  lime  soap  thus  formed,  produces  the 
curdling  in  question. 

The  soaps  of  the  alkalies,  or  commercial  soaps,  are  the  only  ones 
wliich  ai'c  soluble  in  distilled  water  as  well  as  in  ulcubol  and  in  ether; 
Imt  alcohol  dissolves  many  of  the  compounds  which  the  fatty  acids 
form  with  the  oxides  of  copper,  iron,  and  manganese.  Oil  of  turpentine 
and  the  tixed  oils  likewise  dissc*lve  small  quantities  of  these  soaps, 
B  (1143)  Process  of  Soap-making. — ^The  unctuous  materials 
wliich  are  used  in  this  country  in  the  preparation  of  hard  soap 
are  tallow,  which  gives  the  hardest  soap,  palm  oil,  and  kitchen 
grease:  rosin  is  also  an  ingredient  in  yellow  soap,  Tlie  coarse 
soft  soaps  are  made  of  common  fish  oil  and  henip-sced  oil 

The  manufactm-e  of  soap  is  carried  on  in  large  iron  boilers 
called  coppers f  in  which  the  mixture  of  ley  and  fat  is  heated  by 
means  either  of  an  open  fire,  or  of  steam  i  the  steam  is  cither 
admitted  into  the  copper  by  a  perforated  pipe,  or  it  is  made  to 
circulate  within  it  through  a  closed  coil  or  worm.    For  hard  soaps 

I  the  leys  of  caustic  soda  arc  prepared  in  large  iron  vats,  which  are 
also  heated  by  steam.  Water  is  put  into  the  vat  and  made  to  boil; 
a  mixture  of  soda  ash  and  slacked  lime  is  then  added  in  quantity 
gulHcient  to  make  the  ley  of  the  sp,  gr.  of  rij  i  after  boiling  for 
some  time  the  steam  is  turned  off,  the  carbonate  of  lime  allowed 
to  suljside,  and  tlie  clear  ley  is  drawn  ofil  Fresh  water  is  aditcd 
to  the  residue^  and  thus  a  weaker  ley  is  obtained* 
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mg^l^  iOtp  ia  prepared  from  tallow,  palm  oil,  and  kitcli« 
Ta  cftTT  too  of  lallow  or  fat  inti-oduced  into  tiie 
I ZQ  &OaoB  of  partly  eihaii&tcfl  soda  ley  is  added  from 
Wheu  it  first   l)oil8,  a  milky  liquid  is  formed 
kr  ii§J^^  becomes  more  and  more  viscid ;  strong  leys  ai« 
"Ul-  gddcdf  and  tlie  boiling  is  continued  until  the  soap 
1^  Cft^*    A  quantity  uf  common  salt  is  next  added  ^ 
1^  foeoi  kys ;  these  contain  the  glycerin  and  some  ' 
^(fif«d  from  the  grease ;  they  are    drawn   off  from  tl 
^  lie  thrown  away.      Sti*tnig  ley  is  then  arlded  and 
^m^^bbA,  wiitil  the  soJtp  separates  from  the  ley  whic 
of  alkali,      1 1  is  tlien  cleansed  or  transferred  I 
to  cool.      Tlicise  i'mnies  are  rectangular  in  sliap 
llf  CMt-iron  plates  cramped  together  by  bolts  and  uutaJ 
a  small   pm  tiou  of  the  ley  contained  in  the  he 
g^iarates,  and  acerinndates  in  the  lower  jmrt  of  tfc 
^urt  of  the  t*oap  ih  iiared  otfj  and   is  re-melted  and 
^^^*     the  next  charge.      The  soap  remains  in  the    frames  foi 
"^    ^     j^yg  to  cool  and  liHrden.     At  the  end  of  that  time 
^^^^h  wires  into  bars. 

•  *"L    ^fiffnf  occurs  in  the  mouhla  spontaneouiilyj  and  is  due 
flora  the  mass  of  a  small  portion  of  ii*on  soap,  w hie 
^l^^mges  itself  in    Idue  veins.      This   mottling  b  cbiefl 
'  a  tcs*  that  the  soap  i»  not  too  moist ;  since  if  too  large  1 
fj  water  were  present^  the  culouriog  matter  would  ^iiil 
i^^^tr  P*^  of  the  frame  and  accumulate  there.      Good 
Jbt^  10  per  cent  of  water;  and  loo  parts  of  fat  or 
I  CO  to  ISS  of  such  soup.      A  soda  soap,  before  drying 
<5  or  7  per  cent,  of  alkali. 


^j^g^n  is  usually  olrtained   from  tallow  only,  a  small   |K)r- 
•^#Jife  <5il  *^^  *^^   ^''**^    heing   soiuctimes   added.      The   soap 
■^  *f,  ■  «flt  into  a  pan  and  crutched,  or  stirred  forcibly, 
i>^      ^gyajyi;  it  is  tlien  conveyed    to  the   frames.      When^ 
•^^^^u  be  perfectly  snuMitli    and    white.      Yellow  soap  is 
i#  ^       tallo^  <^i^^  palm  oil,  and  in  addition  to  the  alkidi  aridH 
1^*"^^  g  ct>nsideral>le  proportion  of  common  rosin,  ^\hieli^ 
ti.  ^^^  pltjpcrties  ami  unites  with   the   alkali:  it  is   mann- 
p^^ .    >«rocg^^  similar  to  that   used  for   mottled    soap,  hut 


\4^^ 


(leaii^t'df  or  put  into  the  frames  immediately  afte 


^fd^  or  mixed  in  the  copper,  with  a  small  qunnti 
two   or  three   days  carries  down  tlie  ejtcess 
Nf'f/fir^  ivhii'h  subsides  to  the  bottom;  while 
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•pongy  CTiist,  termed  tlic  fob,  rises  to  the  surface.  The  fob  is 
fikirnmed  otf,  and  tlie  semi-solid  pasty  mass  of  soap  is  transferred 
to  Ihc  frames.  The  negur  and  fob  are  added  to  the  next  boil. 
Marseilles  and  Castile  soajts  are  made  from  olive  oil  and  soda  ; 
*  they  are  mottled  by  the  addition  of  green  vitriol  and  sulphnretted 
lye  to  the  soap  while  iu  the  pasty  state. 

(d)  Manufaclure  of  Fully  Acids  for  Candles, 

(i  144)  Larffc  quantities  of  the  fats  are  converted  into  the  form 
of  free  acid«,  in  the  mannfaetnre  of  what  are  often  incorrectly 
termed  stearin  catidles.  This  branch  of  industry  has  within  the 
Jast  few  years  acquired  enormous  magnitude.  The  fatty  acids  are 
prepared  for  thia  purpose  by  three  Tirineipal  methods;— in  the  first 
o^  these  processes  the  fat  is  saponified  by  means  of  lime ;  in  tlie 
B  second  the  fat  or  oil  is  decomposed  by  sulphuric  acid  j  and  in  the 
third  process  the  fat  is  separated  into  glycerin  and  the  fatty  acid, 
under  t!ie  infiuence  of  water  at  an  elevated  temperature.  The  acids 
furnished  by  the  fats  are,  at   ordinary  temperatures,   M'hiter   and 

^ harder  than  the  fats  from  which  they  are  tibtained,  and  tliey  are 
at  the  same  time  cleaner  and  more  conjbustible. 
f  t«  Saponijlcalion  by  Lime. — Until  recently  it  was  the  general 
practice  to  sai>onify  the  oils  or  fats  by  means  of  lime,  w^hicli  readily 
effects  the  desired  change,  and  has  the  advantage  uf  being  much 
cheaper  than  cither   jiotash  or  soria :  this  pmcess  is   still  extcn- 

Isuely  followed  in  France.  The  talltnv  is  melted  by  injecting  hot 
steam  into  the  vat  which  coutain^^  it,  aod  milk  of  lime  is  Jitldcd  ;  the 
whole  beiog  maintained  at  the  tem[)erature  of  212°  by  oontinually 
injecting  steam  through  a  iicrlbrated  pipe,  wliilat  the  mixture  is 
kept  constantly  stirred.      An  irisolnble  iinie  soap  is  thus  fortmd  ; 

Iii   is  drained    from   the  solution  of  glycerin,  and  tlien    decom- 
posed by  tlje  cautious  addition  of  sulphuric   acid   diluted    to  the 
»p.  gr*  I'lbo,     Tlie    melted    fatty    acids   thus   rise    in    the  form 
of  an  oil  to  the  surface  of  the  heated   mixture  ;  they   are  now 
decanted,  and  are  washed,  fin?^t  with  a  fresh  portion  of  heated  dilute 
sulphuric  acid,  and  afterwards  with    water.     The   fused  acids  are 
then  cast  into  thin  plates  or  cakes  not  much  exceeding  an  inch  in 
thickness;  these   cakes  when  cohl   ai*e   phiccd   between   layers  of 
cocoa-nut  matting,  and  are  piled  up  one  above  another  with  iron 
plates   interposed  i>etween    every  four  or  five  cakes,  and  the  pile 
^  thus  formed  is   subjected   to    intense  pre*;i^urc   by  the   aid   of  a 
H  powerful  hydraulic  press.     l?y  tliis  means  the  oleic  acid  is  m  gre^t 
Bmeasurc  forced  out^  whilst  tlie  harder  palmitic  and  stearic  acids 
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remaiTi,  and  are  afterwards  subjected  to  pre^urc  at  a  higher  tern* 
peraturc  ;  a  fresh  portion  of  the  more  fusible  fat  is  removed  by  thift 
0[>eration,  and  the  residue  becomes  beautifully  white.  In  order  to 
remove  any  traces  of  oxide  of  iron  which  the  fat  may  have  aljsorbed 
from  the  niachinery,  it  is  again  wai»hed,  first  with  warm  dilute  sul* 
phiiric  acid,  then  with  water,  and  finally  is  melted  and  moulded 
into  candles.  The  oleic  acid  furnislies  with  soda  a  soap  suiS- 
ciently  hard  to  be  used  for  many  purposes  in  the  arts. 

M.  Milly  has  ascertained  that  the  complete  saponification  ofj 
fats  may  be  eSected  by  a  pi*oportion  of  lime  not  exceeding  4  per 
cent,  of  the  weight  of  the  fat,  by  exposmg  the  mixture,  in  a 
Papin's  digester,  with  water  to  a  hij^h  temperature.  This  tempera- 
ture, according  to  PelouzCj  need  not  be  higher  tiian  from  31 1*^  to 
329"^.  If  water  alone  be  em  ploy  ed^  a  temperatiu-e  of  not  lessthaal 
428°,  prolonged  for  many  hours,  is  needed. 

(1145)  2.  Acidification  of  ike   Fats  by  Sulphuric  Acid, — Thei 
action  of  sulphuric  acid  upon  tlie  fixed  oils  has  been  particular! 
examined  by  Frcniy  (Aim,  de  Chimiej  II.  Ixv.  113)*     When  eou 
ccntruted  sulphuric  acid  is  made  to  act  at   ordinary  temperatures' 
upon  an  oil  or  fat,  the  fat  at  first  combines  with  the  acid,  and  the 
compound  thus  formed  gradually  becomes  dc  com  posed  intosulph 
glyceric  {1148),  sulpholeic,  snlpbopalmitic,  and  sulphostearic  acid 
The  last  three  sulplio-acids  are  insolulde  in  acidulated  watcr^  btti 
are  dissolved  by  pure  cold  water.     They  have  an  oily  bitter  tasto, 
On  raising  the  temperature  of  the   solutiou  they  bcconie   decom 
posed,  the  sulphuric  acid  is  set  at  liberty,  and  the  glycerin  and  tli 
fatty  acids  are  separated.     The  sulpholcic  acid  is  more  permaueni 
than  the  sulpbo-eompf>unds  of  tlic  solid  fatty  acids. 

If  the  sulphuric  acid  and  the  oil  or  fat  l>e  made  to  act  upo! 
each  other  at  a  high   temperature^  the  fat  is  immediately  hrokei 
up  into  glycerin  aud  the  fatty  acids,  whilst  the  glycerin  is  in  i 
turn  decomposed,  at  the  expense  of  a  portion  of  the  sulphuric  acid, 
and  sidphurous  aud  carbonic  acids   are  evolved.     This  reaction  is 
employed  ou  a  large  scale   for  the  preparation  of  the   fto-callcd 
composite  or  stearin  candles,  aud  in  Euglaud   it  has  very  nearl 
superseded  tlie  lime  process. 

Tiic  following  is  the  method  In  which  sulphuric  acid  is  applied 
for  this  purpose  by  Messrs.  W'dson  at  the  works  of  Price's  Patent 
Candle  Conipany : — The  fat  is  tii-st  melted  and  freed  from  im- 
purities, then  mixed  with  from  oue-sixtli  to  one-seventh  of  its 
weight  of  oil  of  vitriol  in  large  copper  boilers,  where  it  is  raised  b; 
means  of  a  current  of  highly  heated  steam  to  a   temperature 
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it  350**.    This  temperntiire  is  maintaiMcd  for  aljout  two  hours, 
mass    being  frequently   stirred   bri.skly ;  during   tliis    process 
rbouic  and  sulphurous  acids  are  disengaged  in  large  quantities, 
learly  all  the   glycerin  and   sulphuric   acid    being  decomposed  in 
the  course  of  the  ojieration.      The  liberated  fatty  acids   are   of  a 
clark  colour,  and  require  thorough  washing  with  water  to  free  them 
^from  adhering  sulphuric  acid* 

V  The  impure  fatty  acids  tlms  obtained  are  then  subjected  to 
clistillation,  which  is  efl'ectcd  by  placing  them  in  a  copper  vessclj 
into  the  lower  part  of  wliich  a  current  of  steam  at  the  ordinary 
pressure  is  injected  ;  previous  to  its  admission  to  the  still  this 
»»team  is  heated  to  about  600°,  by  transmitting  it  through  pipes 
"leated  nearly  to  redness.  The  distillation  does  not  take  place 
telow  400°  F.,  but  towards  the  latter  part  of  the  process  the  tem- 
perature frequently  rises  to  500"*.  After  the  acidified  fats  have 
been  distilled  as  fiir  as  is  advantageous,  the  dark  residue  in  the 
retort  may  still  be  made  to  yield  a  considerable  amount  of  fat  by 
submitting  it  to  pressure  ;  the  black  solid  mass  which  still  remains 
is  used  as  fuel.  The  distilled  fat  is  broken  up  into  fragments,  and 
distributed  in  layers  of  abont  tlirec-fourtlLs  of  an  inch  in  thick- 
ness upon  squares  of  cocoa-iuit  matting,  which  arc  piled  one  above 
auotlier,  and  submitted  to  the  action  of  the  hydraulic  press.  The 
fat  thus  obtained  is  suiiicicntly  firm  to  be  made  at  once  into 
candles  suited  to  European  climates,  but  for  the  Indian  market 
it  is  necessary  ngain  to  subject  the  fat  to  pressure,  which  this 
time  is  ettected  at  a  temperature  of  1  20^*. 

(1146)  3.  Action  of  iVaier  at  a  high  temperature  on  Fa  tit 
and  OUs. — Mr.  I^lghmann  a  few  years  ago  made  the  important 
observation,  that  when  a  mixture  of  fat  and  water  is  forced  under 
strong  pressure  through  tubes  heated  nearly  to  redness,  so  as  to 
raise  the  temperature  of  the  mass  to  403**  or  500^*,  the  fat  is 
entirely  decomposed  into  glycerin  and  fatty  acids ;  the  elements  of 
water  enter  into  combination  ^ith  tliose  of  the  fat,  and  by  this 
means  a  result  is  obtained  exactly  the  reverse  of  that  etlcctetl  by 
Berthclot  at  lower  temperatures  (1 149),  when  the  acid  and  glycerin 
are  digested  together. 

Mr.  Wilson  by  injecting  superheated  steam  at  a  temperature  of 
between  500**  and  600^  into  heated  fat,  was  able  to  produce  a 
r  similar  separation  of  bydrated  glycerin  and  of  the  acids  with  which 
[it  was  previously  in  combination;  and  at  the  same  time  he  suc- 
1  ceeded  in  cftecting  the  distillation,  not  only  of  the  fat,  but  also  of 
[the  glycerin;   the  latter  is  thus  obtaiued  in  a  high  degree  of  coo- 
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ccTitrntion,  as  a  beautiful,  colourlests,  syrtipT  liqaid,  which  cmn 
pre|iarer]  iu  almost  unlimited  quautity.  The  fatty  acids  are  also 
procured  by  the  same  operation  iu  a  rery  pure  foftn^  &o  that  tloi 
proccM,  from  its  simplicity,  and  ftt)m  the  purity  of  the  pro* 
duetn  wliich  it  yieliU,  bids  fair  to  supersede  those  previously  cm- 
ployed  ill  the  preparation  of  the  fatty  acids  for  illuminatiiig 
ptirj>ose».  The  o|X^ratioii,  however,  cannot  he  conducted  so  rapidly 
wi  the  proceaii  of  decom[>ositiou  by  sulphuric  acid. 

§  11.  Glyceein. — ^The  Glycerid£s. 

(1147)  GtYccKiN  (C^Hi^Ob),  the  sweet  principle  of  oih, — This 

liubHtaiuc  18  separated  from  all  fatty  and  oily  bodies  (irith  the 
excH'pliou  of  8iiermact?ti  and  the  different  vai'icties  of  wax),  during 
thtr  iiroecHH  of  sapoadication  liy  alkalies.  It  is  a  ^nscid,  colourless 
liquid  of  a  Bweet  taste,  and  of  the  sp.  gr.  1*28,  at  ^if.  It  is  soluble 
HI  water  and  aleobol  in  all  proportions,  but  is  sparingly  soluble  in 
ether,  (llyecrin  dissolves  most  of  the  deliquescent  salts,  as  well  as 
Tiiany  other  substanees  which  arc  soluble  iu  water.  Baryta,  lime,  and 
Btroiitia,  are  freely  soluble  in  g^lycerin,  and  the  solutions  are  not 
pre«*ipitnted  by  earlMHiie  acid.  Glyeerin  isslij^btly  volatile  at  212**, 
but,  if  dii%tiiled  alone,  the  greater  piirt  of  it  experiences  deeomposi- 
tion  ;  iiitennely  punnjent  vapours  of  aerolein  (CgH^Oj;  1151)  are 
thrn  dinengafi^etb  whieh  excite  a  most  painful  irritation  of  the  eye«. 
AMien  heated  suilieiently  in  air,  glycerin  burns  with  a  luminous 
ftariie.  It  luay,  however,  be  distilled  without  alteration,  in  a 
eiirrent  of  superheated  steam  which  has  Ijccn  raised  to  a  tempera- 
ture of  between  500''  and  600'^;  advantage  is  taken  of  this  fact  in 
order  to  pre]>are  glyeeriu  iu  large  quantities  (1146}.  The  usual 
jiictliod  of  obtaining  glyeerin  on  a  small  scale  consists  in  saponifying 
olive  oil  by  heating  it  with  an  equal  weight  of  litharge  :  the  oxide  of 
lead  m  mixed  with  wsrter  and  added  to  the  oil,  with  which  it  is 
boiled  till  the  saponification  is  complete  ;  fresh  portions  of  water 
being  added  from  tiint;  to  time  to  siijjply  the  place  of  that 
which  is  cvajK>ratcd*  The  glyeerin  is  dis^olvetl  by  the  >^ater,  and 
is  easily  freed  from  the  insoluble  kad  plaster,  or  mixed  oleate 
and  margarate  of  lead  which  is  formed.  The  atpieous  solution 
retains  a  small  quantity  of  oxide  of  lead,  whieli  may  be  separated 
by  transmitting  througli  it  a  current  of  sulphuretted  hydrogen^ 
and  filtering  from  the  precipitated  sidphide  of  lead ;  the  water 
may  then  be  expelletl  by  evaporation  in  vacuo  at  a  temperatm*e 
not  exeeeding  300°  F.  If  tlie  s(dution  be  evaporated  iu  the  open 
air,  it  becomes  brown. 

When  glycerin  ia  heated  with  hydrate  of  potajshj  it  is  dccoin- 
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posed  into   a  mixture   of  acetate   and  formiate  of  potash^  \^liilst 
hydrogen  escapes  : — 

Olvc^rin.  Acetet«  or  Potash.        Formiate  of  Potash. 


C.H«0«  +  2  (HO.  KO)  =  KO.C.lIaO,  +  KO,  C.HO,  +  2nO  +  4H. 
Glycerin  is  not  susceptible  of  the  vinous  fermentation ;  but 
according  to  Redtcnbacher  (Liebig's  Annul.  Ivii.  174),  if  a  dilute 
solution  of  glycerin  be  mixed  with  well-washed  yeast,  and  kept  for 
some  weeks  at  a  temperature  of  from  70"^  to  85°,  water  being 
added  as  it  evaporates,  it  becomes  slowly  converted  into  propionic 
acid ;  very  little  evolution  of  gas  occurs,  but  the  liquid  becomes 
mouldy  and  acquires  an  acid  reaction  :  if  the  mixture  be  neutralized 
from  time  to  time  with  carbonate  of  soda,  and  as  soon  as  the 
further  development  of  acid  ceases,  the  liquid  be  filtered  and  eva- 
porated, a  yellow  saline  mass  is  obtained,  possessing  the  smell  of 
sauer-kraut :  when  this  saline  mass  is  distilled  after  the  addition 
of  sulphuric  acid,  propionic  acid  is  the  principal  product  condensed 
in  the  receiver.  Tlie  connexion  between  the  composition  of  pro- 
pionic acid  and  glycerin  is  very  simple,  hydratcd  propionic  acid 
with  two  equivalents  of  water  containing  the  elements  of  glycerin : — 

Glycerin.  Propionic  Acid. 

c^H^,    =    ko,  CeH.o;    ^-    2  HO. 

Glycerin  admits  of  oxidation  without  difficulty  ;  if  distilled  with 
dilute  sulphuric  acid  and  oxide  of  manganese,  formic  acid  is 
amongst  the  products;  and  under  the  combined  influence  of 
platinum  black  and  atmospheric  air  it  rapidly  absorbs  oxygen  and 
yields  an  acid,  the  nature  of  which  has  not  been  ascertained.  The 
class  of  compounds  to  which  glycerin  should  be  referred,  is  not  as 
yet  fully  made  out,  but  it  is  probably  a  teratomic  alcoliol  (i  149). 

An  interesting  series  of  experiments  was  made  by  Berthelot 
and  De  Luca,  upon  the  action  of  biniodidc  of  phosphorus  upon 
glycerin  {Ann.  de  Chimie,  III.  xliii.  257).  When  equal  parts 
of  crystallized  iodide  of  phosphorus  (PI2)  and  of  glycerin  are  mixed 
in  a  capacious  retort,  considerable  heat  is  developed ;  a  new  com- 
pound (CgHgl)  mixed  with  water  distils  over :  it  is  called  iodized 
propylene,  but  the  name  iodide  of  allyl  would  be  more  appro- 
priate (1246);  a  considerable  volume  of  pure  gaseous  tritylene 
(propylene)  is  also  evolved,*  whilst  free  iodine  and  phosphorous  acid 

•  Pure  tritylene  is  readily  obtained  for  laboratory  use  by  distilling  i  part 
of  iodide  of  aliyl  with  5  parts  of  mercury  and  2  of  concentrated  liydro- 
ehloric  acid.  An  ounce  of  iodide  of  allyi  thus  yields  more  than  150  cubic 
inches  of  the  gas ;  C«H,I  +  HCi  +  4  Hg  =  C«n,  -f  H  gj  +  Hg,Cl.  Trity- 
lene remains  gaseous  at  — 40°,  but  it  may  be  liquefied  under  pressuro. 
Its  odour  resembles  that  of  olefiant  ga^j.  E^^sence  of  turpentine,  ether,  chloro- 
,  and  benzole  each  dissolves  from  13  to  18  times  its  volume  of  thu  ^gjOA. 
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the  retort,  mixed  with  the  excesss  of  glycerin  employed* 
The  reaction  is  a  remarkable  one,  for  it  will  he  observed  that  the 
whole  of  the  oxygen  of  the  glycerin  is  removed,  one  portion  of  it 
uniiiug  with  the  phosphorns  to  form  phosphorous  acid,  and  the 
remaining  portion  being  eliminated  with  hydrc^n  in  the  form  of 
water,  whilst  the  carbon  remaina  in  the  form  of  iodide  of  allyl ; —  , 
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PI,        +    C,ll  A    =    C,H  J    +     2  HO,  IK\  -h  no  -h  L 

The  triiylcae  which  is  disengaged  is  the  result  of  a  secondary 
action^  connected  prol>ahly  with  the  formation  of  a  peculiar  iodised 
compound  (?  iodhydrin  CuH^jlOg)  which  is  fomid  in  the  retort  in 
»maU  quantity. 

(1148)  Action  of  Adds  upon  Giycerin,— Citric  acid  rapidly 
^attacks  glycerin,  and  converts  it  into  carbonic  and  oxalic  acids.  If 
glvLH-M'in  be  allowed  to  fall  drop  by  drop  into  a  mixture  of  equal 
measures  of  nitric  acid  and  oil  of  vitriol,  care  being  taken  to  prevent 
the  temperature  from  rising  too  higfi.  a  heavy  oily -looking  liquid 
collects  at  the  bottom  of  the  acid.  It  is  powerfully  explosive,  and 
detonates  cither  by  a  IjIovv  or  by  elevation  of  teniperatui*e ;  a  single 
drop  placed  u|)ou  ]>apcr  and  struck  uyton  an  anvil,  prcKlucing  a  deaf- 
ening report.  This  body  is  a  substitution  compound  of  glycerin,  in 
which  2  equivalents  of  hydrogen  are  displaced  by  an  equal  number 
of  cquivalcutH  of  i^Toxide  of  nitrogen*  It  has  been  termed  nitrO' 
giyctrui  {i2^^\i^{^0^)X>f^\  De  Vrij).  It  is  insoluble  in  alcohol  and  in 
ether ;  it  haa  a  swcctisb,  pungent,  aromatic  taste,  and  if  but  a  single 
drop  be  placed  upon  the  tongue,  it  produces  a  painful  aching  in 
the  back  of  the  bead^  which  lasts  for  many  Lours. 

Glycerin  enters  like  alcohol  into  combination  with  many  0I 
the  polybasic  acifls,  forniiug  compounds  analogous  to  sulplicthylic 
acid.  Thus,  when  oil  of  vitriol  is  mixed  with  half  its  weight  ofj 
glycerin,  the  two  bodies  unite  with  considerable  evolution  of  heat 
the  compound  acid  forms  soluble  i^alts  witli  lime  and  baryta ;  this 
lime  salt,  according  to  Pclouze,  has  the  formula  (CaO,  C^UyOj,^ 
2  SO3),  the  Bidpho-glyceric  acid  saturating  only  half  the  quantity 
of  base  which  would  be  required  by  the  sulphuric  acid  which  it 
coutaius.  A  compound  similar  to  tliose  above  described  may  be 
formed  with  glycerin  and  phosphoric  acid ;  it  is  v^ry  soluble  both  in 
water  and  in  ak^ohol,  but  is  easily  decomposed  into  free  phosphoric 
acid  and  glycerin,  Pho^phoglyceric  acid  exists  i^cady  formed  in 
tlie  yolk  of  the  egg  (Gobley),  and  probably  also  in  the  bniin, 

(1149}    Artijiciai  Formation  of  Fats, — Glycerides, — The  most 
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important  compounds  which  result  from  the  action  of  acids  upon 
glycerin  are  those  termed  glycerides,  which  are  analogous  in  com- 
position to  the  various  fats  and  oils.  Berthelot  has  recently 
succeeded  in  forming  these  bodies  by  the  direct  union  of  the  acids 
with  glycerin,  and  has  obtained  in  the  course  of  his  investigation, 
not  only  a  large  class  of  these  bodies  which  were  not  previously 
known,  but  has  been  successful  in  the  attempt  to  recombine  gly- 
cerin with  the  fatty  acids,  so  as  to  re-produce  several  of  the 
natural  fats  (Ann.  de  Chimie,  III.  xli.  216.)  According  to  the 
researches  of  this  chemist,  stearic,  palmitic,  and  oleic  acids  each 
forms  three  compounds  by  its  union  with  glycerin;  the  act  of 
combination  is,  however,  attended  by  the  separation  of  water  in 
each  case;  but  there  is  some  difficulty  in  explaining  why  in  the 
compounds  which  are  formed  from  two  equivalents  of  acid,  the 
quantity  of  water  which  is  separated  should  be  exactly  that 
stated  by  Berthelot ;  and  the  analysis  of  the  simpler  compounds 
with  acetic  acid,  which  are  formed  by  a  series  of  changes  ana- 
logous to  that  by  which  the  more  complex  fats  are  formed,  appears  to 
leave  some  doubt  of  his  accuracy  on  this  [)oint.  The  following  table 
contains  a  list  of  these  compounds  with  the  formulse  of  the  decom- 
position which  appears  to  attend  their  formation.  For  the  sake  of 
convenience  the  formulae  of  the  hydrated  acids  are  written  without 
indicating  the  basic  water  in  the  usual  manner ;  thus,  stearic  acid 
(HO,C3eH3503)  is  written  (CgellaeOJ  :— 

Stearic  Acid.  Gljcerin. 


Monoetearin 

Bifltearin 

Terstearin 

= 

Cr,H„0„ 
'^im"iio'-'i» 

Z^ 

3  (C„u,.oj 

4- 
4- 

c.h'.o. 

-2  HO 
-2  HOP 
-6UO 

= 

= 

Palmitic  Acid. 

c.n.o. 

Monopalmitin 
Bipalmitin 

0„H„0, 
3  (C„H„Oj 

-2  no 
-alio:-' 

-6  110 

= 

c„n,o„ 

= 

Olf  ic  Acid. 

4- 
4- 
4- 

8:5:8: 
c:h:o: 

Monolein 

Biolein 

Terolein 

»  (C3.H,,0,) 

3  (C„H„Oj 

-2  no 
-2  HOP 

-6  HO 

= 

C„  E„  0., 

= 

Valeric  Acid. 

4- 
4- 
4- 

C.H.O, 

sua 

Monovalerin 

Bivalerin 

Tervalerin 

2  (C,„H„(>,) 

3  (C,„U..O,) 

-2  HO 
-2  HOP 
-6  HO 

Butyric  Acid. 

Monobatyria 

Bibutyrin 

Terbutyrin 

= 

9,"  If"  R« 

C„  Il„  o„ 

c»  ii„  o„ 

= 

Ce  lis  0, 

2  {C,  II«  0,) 

alCsiisOj 

4- 
4- 

4- 

C«H,Oe 
C.H.O, 
C.H.O. 

-2  HO 
-2  HOP 
-6  HO 
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Acetic  Acid. 


Olye^rin. 


t^io  H]„  O^ 


C\H,0,    +       C,H,0, 


HO 


i\,  H,,  0,„  =  2  (C,  B,  oj  +      c,n,(>, 

C,,  E,,  O,,  =  3  (C,  IT,  O,)  +       C,HA  -  6  HO 


Benjtoir  Atnd, 


liAt}iiiob#iisoiom 


I   .  uiorhvtirin 
Ji|»njUlorLydriii 


13i*D  raclilo  rUy  drin 
BictUylin 


C^  H,^  O^ 


(C.U.O.)  +       C.F,0, 


C«  U^  0„  =  3  a-„H.  OJ  +       C.UA 


a  HO 
6UO 


Scbocic  Acid. 


t\  II,  CI  o.= 


c^n„o,  +  a  (c,n,o,)  -  4  ho 


IT  01 

=  c,  ii;cLo:=     3  Hci 

=  C,  H,  Clo;=  HCI 

B«tiKoic  Acid. 


C|.HA  -  3  no 

CJIM   -  4  HO 
C.HA   -4  HO 


^  cji.fii  0,=  Ci,n,o,  +  nci  +  c,ha  -  4  no 

Akobtjl. 


^  C,,  H,,  O,    ^  2  [C,  11,  CK)  +       CeH,0«   -  4  HO. 
It  might  have  been  expected  that   in   the  formation   of  the^e 
compounds    the  quaxitity   of  water   separated    should    have  been 
stomewhat  diHerent,  and  tliat  the  proportions  in  eacli  of  the  three 
eompounds  should  have  been  a  IK)  in  the  tirst,  4  HO  in  the  second, 
mid  6  110  in  the  third,  each  equivalent  of  the  Jiydrated  acid  losing 
au  et[uivalent  of  water,  wljilst  the  single  equivalent  of  glycerin,  in  ^M 
the    act   of  eoinbinatiou,   should  lone    J,    2,   and  3  equivalents  of  ^B 
water,  according  to  the  nuuiher  of  equivalents  of  acid  with  which 
it  is  combined  (see  note,  p.  ;^H3). 

According  to  Beilhelot,  tcrstearin,  tcrpalmitin,  and  terolein,  | 
are  identical  with  tbe  stearin,  pahuitin,  and  oleiu  of  the  natiurol 
fats,  and  they  arc  produced  by  t!ui  ecunbination  of  3  equivalents 
of  the  liydralcd  fatty  acids  (C^II^O J  with  1  equivalent  of  glycerin, 
the  act  of  combination  being  attended  with  the  separation  of 
6  ctpiivalents  of  water.  These  eombijiations  of  glycerin  with  the 
mitis  may  be  obtained  either  by  heating  the  acid  and  the  glycerin  ^ 
together  for  several  hours  in  closed  vessels  at  an  elevated  tempe- 
rature; or  hy  mixing  the  glycerin  and  fatty  acid  with  hydrochloric, 
nnlphiu*ic,  phosphoric,  or  tartaric  acid,  and  exposing  the  mixture 
for  many  hours  to  a  temperature  of  212^  A  partial  formation  of 
ihcsc  bodies  occurs  even  without  the  aid  of  the  stronger  acids  if 
the  glycerin  and  t!ie  fatty  acid  be  kept  in  contact  for  several 
months  at  the  ordinary  temperature.  ^M 

All  these  neutral  compounds  of  the  fatty  acids  with  glyeerin  ^1 
1^  insoluble  in   water,  but  arc  sohdilc  to  some  extent  in  boiling 
I^Kh»1»o1,  and  are  readily  soluble  i»i  ether.      If  treated  with  concen- 
Ici!  acids  they  are  decomposed  and  acidified  in  the  same  manncrj 
iW  uUnral  fats;  and  they  arc  all  saponiliablcj — that  is,  they; 
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decomposed  like  the  natural  fats,  into  a  fatty  acid  and  glycerin,  when 
boiled  with  an  alkali.  It  has  been  found  that  whether  monacid, 
biacid,  or  teracid  in  composition,  these  fats  are  all  neutral  in  tlioir 
reactions,  and  moreover  when  decomposed,  they  all  yield  glycerin 
of  the  same  composition  and  condition  of  hydration.  This  obser- 
vation is  important  as  it  diminishes  the  probability  of  the  view  of 
Berzelius  regarding  the  nature  of  glycerin.  It  is  obvious  that  the 
formula  usually  given  for  glycerin  (CgllgOg)  does  not  represent  the 
substance  which,  when  in  combination  with  the  acid,  produces  the 
oil.  Berzelius  considered  that  the  body  which  was  present  in  the 
oil  consisted  of  C3H2O,  and  he  gave  it  the  name  of  oxide  of  UpyL 
This  substance  has  not  been  isolated ;  but  it  was  supposed  that  at 
the  moment  of  its  liberation  it  combined  with  2  equivalents  of 
water  and  became  converted  into  glycerin : — 

Oxide  of  Lipyl.  Olycerin. 

\  {Cl\ifi)      +      4IIO      =      cijliaOe. 

Liebig  proposed  to  consider  glycerin  as  an  alcohol :  if  it  be  an 
alcohol,  it  is  not  improbable  that  it  is  a  teratomic  one,  since  the 
natural  fats  all  appear  to  be  compounds  derived  from  one  equiva- 
lent of  glycerin  and  three  equivalents  of  the  fatty  acid.  The 
results  of  the  decomposition  of  bichlorhydrin  and  of  iodliydrin, 
which  will  be  alluded  to  presently,  also  tend  to  strengthen  this  view. 

Monostearin  has  the  aspect  of  bees'  wax ;  it  fuses  at  141°- 8,  and 
solidifies  at  140°.  It  is  prepared  by  licating  equal  parts  of  stearic 
acid  and  glycerin  to  392°  for  a  couple  of  days  in  a  sealed  tube : 
the  substance  thus  formed  is  freed  from  excess  of  stearic  acid  by 
digestion  with  slaked  lime  at  a  temperature  of  212°  for  a  quarter  of 
an  hour.  The  lime  combines  with  the  excess  of  stearic  acid,  but 
does  not  decompose  the  monostearin,  which  is  afterwards  separated 
from  the  lime  soap  by  digesting  the  mixture  in  hot  ether,  from 
which  the  stearin  crystallizes  in  stellate  doubly  refracting 
needles.  Biatearin  may  be  prepared  by  heating  to  212°  for  six 
days,  equal  parts  of  glycerin  and  stearic  acid ;  it  resembles 
the  first  compound  in  appearance,  crystallizing  in  oblique  doubly 
refracting  plates,  which  fuse  at  I36°'4,  and  become  solid  at  131°. 
Tersteariny  which  Bcrthclot  considers  identical  with  natural 
stearin,  may  be  obtained  by  digesting  monostearin  for  three  hours 
at  a  temperature  of  5 1 8°  with  fifteen  or  twenty  times  its  weight  of 
stearic  acid  :  it  is  purified  from  the  excess  of  stearic  acid  by  lime 
and  ether,  as  directed  for  monostearin.  Valeric,  butyric,  and 
acetic  acids  have  each,  in  like  manner,  been  combined  with  glyce- 
rin in  three  proportions,  but  no  compound  could  be  obtained  with 


«yi 
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(1150)  Glytnm 


wUki 


vitk 


CMMfdKii  (C«H,CIOJ  m 
add  ev^nd 
1:   it  k  to  be 
potMh^ndagliiiedwiikeliicr;  the  etfccmi  solvtioEi  vben  1 
imled  kmto  dtaAfdm  as  m  aeotaal  cd^  vkk 
odooTj  mad  m  fircetiiiit  imiigrnt  tasle.     It  »  aa 
in  etber :  it  boib  al  44<>^  >>>^  >Baj  be  disdiled 

BichUn-k^drm  (C.H^CljOJ  J^.  ^.  1-37.— Tl»  » 
vhidi  liM  &  well-nurked   etbefcal  odour.       It  hotis  «t  tea', 
feBam  Uqoid  ai  — 3o^     II  faanu  with  a    white  flaoie    boriofl ' 
with  green. 

Einchlorhydrim    (CgHjOjC*) ;    ^.  gr,   between    fi 
— ^Tbiscuhitatice  U  a  limpid  oil  trhich  botb  betw^ea  248"  and 
rmtlting  a  rapour  of  an  ethereal  odoiKr  fcseaiblhi^  tli«t  of 
cliJoric  ether.     It  u  prepared  fay  heatiiig  IneUorhjdnii  fiir 
houm  in    a  sealed  tube   to  2x2^,  with    12  or  15  parts  of  fimsK 
hydrochloric  acid  ;  al\er  which  it  i&  neutralized  with  lime  and  ^ 
tilled.     The    mode    in  which    these  chlorinated   compouodi 
formed  is  indicated  in  tljc  Table  at  page  380,  " 

lodhydrin  [C^^W^^lO^'t)  Sp,  tjr,  1783.— MTieti  glrcerinial 
rated  with  hydriodic  acid  gas,  and  heated  to  212^  for  fortjl  _ 
then  treated  with  potash  and  with  ether,  it  yields  a  gohleo  rdlov 
lynipy  liquid,  which  dissolves  one-fifth  of  its  bulk  of  watei;  but 
ia  ijot  iUiclf  soluble  in  water.  The  formation  of  this  body  is  racher 
anomalous : — 


Ol7««rto, 


lodl^driB. 


2  (CeliA)      +      HI      =      Cj^HalOe      ^      6  HO, 
lodbjdrin  1ms  a  sweet   taste  ;    it  is  combustible,   and  canDot 
^i^tiBed  without  experiencing  decomposition.     When  trejited  wi. 
gH  atfOBO'QB  sobition  of  potaiih  it  is  &lowly  dccomjxjsed  ;  iodide 
pfltiMhr  Bni  glycerin  aic  fonned,  together  witli  a  volatile  C(»B 
yjsjait^^^  ^  soluble  in  ether,  and  wliich  has  a  ootnpowtic 
^fgai^g^  \iy  C^H^Oj,.      This  substance  would  conesj>ond  to  tl 
^tae  tf  ^f°^  admitting  glycerin  to  be  a  kind   of   ale 
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This  supposed  glyceric  ether*  contains  the  elements  of  glycerin, 
minus  3  equivalents  of  water  : — 

Olycerin.  Gljceric  Ether. 

CeHgOe      =      CJIA      +      3  HO; 

and  its  formation  from  iodhydrin  might  be  thus  represented  : — 

Itjdhydrin.  Glycerin.         Gljceric  Ether. 

'c^oHuIOe  +  KO,  HO  +  IIO  =  CeHgOe  +  CeHA  +  KI. 

Glycerin  forms  with  hydrobromic  acid  several  compounds 
analogous  to  those  which  it  yields  with  hydrochloric  acid.  When 
an  alcoholic  solution  of  bibromhydrin  (CelleBraOa)  is  submitted 
to  the  action  of  gaseous  ammonia^  the  hydrobromate  of  a  new  base, 
glyceramine,  CgHgNO^  (Berthelot  and  De  Luca),  is  produced, 
whilst  bromide  of  ammonium  is  formed.  The  correctness  of  the 
formula  given  for  this  base  is  however  questionable. 

Biethylin  (Ci^HieOg),  sp.  gr,  092,  is  a  limpid  oil  of  a  pun- 
gent, ethereal  odour;  it  boils  at  376°,  and  docs  not  become  solid 
at  — 40°;  it  is  scarcely  soluble  in  water.  This  singular  com- 
pound is  obtained  by  acting  upon  a  mixture  of  bromide  of  ethyl,  gly- 
cerin, and  hydrate  of  potash ;  the  materials  are  enclosed  in  a  scaled 
tube,  and  submitted  for  four  days  to  a  temperature  of  a  12°  : — 

Bromide  of  Ethyl  Glycerin.  Biethylin. 

"2  (C^HjBrj  +  CjiA  +  2<KO,HO)  =  C,,uJ\-\-  2  KBr-h  4HO. 
or   it  may  be  regarded  as  the  result  of  the  combination  of  two 


*  Glycerin,  however,  if  it  be  an  alcohol,  cannot  be  a  monatoraic  alcohol, 
but  it  must  be  teratomic ;  in  which  case  it  may  be  formed  as  Gerhardt  sug- 
gests, upon  the  type  of  two  double  molecules  of  water,  and  its  radicle 
(CjHjO,)  may  be  named  ^lycyL  in  order  to  distinjjuish  it  from  Liebi^'s 
glif eery  I  (C^Uj).  The  relation  of  the  three  acetins  to  glycerin  would  then  be 
tlie  followiug : — 

Glycerin.  Acetin. 


BiacetiD.  Ti-raoetin. 


Wurtz,  however,  considers  glycerin  to  be  formed  upon  the  type  of  three 
double  molecules  of  water,  tj'  I  ^fi »  ^  ^^®^  which  is  more  consistent  with 
the  general  theory  of  these  compounds  (1185);  CgHj  being  a  teratomic 
radicle,  or  representing  three  equivalents  of  hydrogen  ;  thus  :— 

01ye«rin.       Glyceric  Kther.  Acetin.  Biacetin.  Teracetin. 
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equivalents   of  alcoliol  and   one  of   glycerin^   attended   with  tli 
separation  of  four  equivalents  of  water. 

(1150  bii)   Compounds  of  Manntte  mith  the  Adds ^  anahf/ottjt  t4 
Fats, — Since  the  paragraph  on  mauuite  (935)  was  printed,  an  in 
terestiijg  paper  lias  been  published  on  this  substance,  by  Bertheln 
{Ann,  de  Chimie,  III.  xlvit.  297).      He  finds  that  when  mantn*te  ifj 
heated  to  400*^  in  an  open  vessel   and  kept   constantly  stirivd,  il 
loses  water,  and  becomes  partially  converted  into  a  viscous  subJ 
stance  whieli  has  a  feebly  sweet  taste;  it  has  been  termed  nmnni* 
tane,     Tlti^i  body  contains  the  elements  of  i  eqiiivaleut  of  manuti 
minus  i  equivalent  of  water  : — 

llannite.  M«iiimtkiie« 

cji^o,    =    cijiA    +     HO. 

Mannitane  is  deliquescent,  and  when  exposed  to  the  air  it  abs 
water  slowly,  and  is  reconverted  into  mannite.        Mauuitane  ap- 
peal^  to    present  a  very  close   analoj^y  '^vith   glycerin,  as   will  bcj 
rcmh^rcd    apparent    by   the    following  details.      When  manuite    ia 
heated  for  some  hours   with   t!ie   hydi*ated   acids   in   sealed    tubesl 
under  pressure,  it  gives  rise  to  a  series  of  compounds  wliich  rua] 
exactly    parallel   with    those  obtained    by  treating   glycerin    in  a' 
similar  manner.      If  stearic  acid  be  thus  heated  with  mannite  it 
forms  two  compoimtk,  viz.,  th/earo-mannite  and  tersiearo-mQiimte^^ 
wluch  nuiy  be  re^iresented  as  formed  thus : — 


8f**aric  Acid. 


niBt'eai'x>'m  Ail  d  it«. 


C,HyO„      + 


2    (Cjijllgy 


P,)      = 


^7»  J^7 


Ter»lc»ro-niftcinit*, 


+      3  HO; 


cjizO,    +     3  (Cg^H^^oj    =    c„ji,,,Oi,    +    7  no. 

These  substances  can  scarcely  be  distinguished  from  bistearin  and 
tersteariu,  which  arc  the  corresponding  compounds  of  glycerin : 
they  are  solid  crystalline  fata,  of  about  the  same  degree  of  fui*ihi- 
lity  as  the  stearins.  They  admit  of  being  saponified  in  the  same 
manner  as  the  true  fats;  and  when  decora [josed  by  bases  tliey 
yield  stearic  acid,  and  a  solution  from  which  the  sweet  syrupy 
corn  pound,  mannitane,  is  obtained.  This  solution  so  greatly  re- 
semble* that  of  glycerin  in  appearance  and  properties,  that  Berthelot 
thinks  it  is  by  no  means  iTnprohablc  that  some  of  the  natural  fats 
whii'h  are  at  present  supposed  to  be  compounds  of  glycerin,  may 
turn  out  to  be  derivatives  of  mautiite.  Coni|iounds  of  mannite 
similar  to  those  which  it  forms  with  stearic  acid,  have  been  obtained 
by  heating  it  with  palmitic,  butyric,  acetic,  benzoic,  and  other 
acids.  Its  compound  witfi  acetic  acid^  aceto-manniie  (Cj^iH^Oy  = 
C^jHyOg  -h  C|II^O^  —  3  110)  is  a  viscid^   intensely   bitter   liquid^ 
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wbich  emitSy  wbcn  wamied,  a  peculiar  odour  like  that  possessed 
hy  many  of  the  umbelliferoua  plants.  With  hydrochloric  acifl, 
mannite  yields  a  white,  neutral,  wcU-crystallized  body  (Q-H-ClOg), 
which  has  a  bitter  aromatic  taste:  it  is  very  soluble  in  ether;  and 
may  Ije  volatilized  without  residue.  The  fat-like  derivatives  of 
mannite  are  neutral  bodies.  Those  whicli  are  produced  from  oue 
^  equivalent  of  acid  may  be  supposed  to  lie  formed  by  the  union  of 
^l  equivalent  o(  manfuiane  and  i  equivalent  of  the  normal  hydrate 
of  the  acid,  attended  with  the  scfiuration  of  a  equivalents  of  water; 
whilst  those  containing  3  eciuivalents  of  acid  are  formed  from  one 
of  mannitane  and  three  of  the  normal  acid,  witli  the  separation 
of  6  eqnivalents  of  water.  But  nuuuiite  also  forms  compounds 
with  the  poly  basic  acids,  such  as  the  sulphuric,  the  tartaricj  and 
the  phosphoric  acids ;  these  compounds  have  an  acid  characterj  and 
are  analogous  to  the  sulphogly eerie  and  phosphogly eerie  acids  (i  148), 
Their  formation  is  also  attended  with  the  climitiation  of  water. 
(  Saccharine  bodies  admit  of  subdivision  into  two  classes ;  i. 
True  sugars,  or  tht»se  which  are  fermentable  and  contain  au  equal 
number  of  equivalents  of  oxygen  aiul  hydrogen  ;  and  2.  Those  which 
are  not  fermentable  and  contain  an  excess  of  hydrogen  over  tho 
oxygen.  Berthelot  states  that  the  bodies  which  belong  to 
the  latter  class,  such  as  dulcose,  quereite,  and  piuite  (Table 
pw  7  i)j  possess  the  property,  like  mannite  and  glycerin,  of  entering 
into  combination  witii  tlie  ditferent  acids,  and  forming  corapouuds 
more  or  less  analogous  to  those  above  dei?ei'ibcd, 

(J151)  Acrolein,  or  Acrylic  Aldehyd  (Cell^O^  —  CallgO^,  H) ; 
Sp.gr,  of  vapour  1897. — When  glycerin  or  any  of  its  compounds  is 
submitted  to  the  ordinary  jirocess  of  distillation,  it  undergoes 
decomposition  ;  and  amongst  the  products  is  a  substance  which, 
from  its  intensely  irritating  effects  upon  the  ra neons  membrane  of 
the  eyes  and  organs  of  respiration,  has  received  the  name  of 
acrolein.  This  aubstance  is  best  obtained  in  a  state  of  purity 
(Redtenbacher,  Liebig's  ^w^i.  xlvii>  114),  by  distilling  in  a  capacious 
retort,  a  mixture  of  glycerin  with  anhydrons  phosphoric  acid,  or 
with  hisulphate  of  potash  t  the  vapours  must  be  condensed  in  a 
properly  cooled  receiver,  which  is  lutt*d  on  to  the  retort,  and  pro- 
videtl  with  a  tube  opening  into  a  chimney  with  a  good  drangUt. 

The  object  of  using  aidiydrous  phoaphorie  acid  in  the  distillatiou 
is  to  cfleet  the  dehydration  of  the  glycerin,  since  glycerin  contains 
the  elements  of  acrolein,  and  4  equivalents  of  water ; — 


c,iiA   = 


PART   III. 
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+     4  HO. 
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Tile  distilled  liquid  separates  into  two  layers^  the  upper  one  coD' 
riwtiag  of  acrolein,  and  the  lower  one  of  an  aqueous  solution  of  the 
aauM  sabdtaBcej  mixed  with  a  quantity  of  acryUc  acid.  This  dis- 
tiUate  must  be  digested  with  tinely  powdered  lithai^e  in  order  to 
eomfaine  with  the  acid,  aud  rectified  by  the  heat  of  a  water  bath  : 
Uie  acrolein  thus  obtained  must  be  submitted  to  a  second  rectifica- 
tioa  from  chloride  of  calcium,  after  which  it  is  nearly  free  from 
iinpuritr*  All  these  operations  must  be  carried  on  in  %'essels  filled 
with  carbonic  acid,  for  the  purpose  of  excluding  atmospheric  oxygen, 
because  acrolein  becomes  nipidly  oxidisced  when  exposed  to  the  air. 

Acrolein  is  a  limpid,  transpareot,  colourless  liquid^  ligliter  than 
Vater,*and  possessed  of  a  high  refracting  power.     It  has  a  burning 
taste,  and  emits  a  vapour  which  is  intolerably  irritating  :  the  boiling 
point  of  the  liquid  is  a1x>ut  1 25°.      It  bums  with  a  clear  luminous 
flame.  Acrolein  when  pure  is  neutral  to  test  paper;  but,  like  ordinary 
aldehyd,  it  rapidly  becomes  acid  by  the  absorption  of  oxygen  from        ^ 
the  air;  a  mixture  of  acrylic,  acetic,  and  formic  acids  being  pro-     I 
duced.      It   iti    freely  soluble   in   ether,    but  requires   40  parts  of 
water  for  solution.      Acrolein   cannot   long   be  preserved   without     _ 
change,  even  in  sealed   tubes ;    but    becomes   converted    into   a     I 
wliite^  floeciilent,  and  prul>ably  isomeric  substance,  termed  dimcrf^l, 
wh it'll  is  insoluble  in  water,  acids,  alktdics,  oils,  aud  bisulphide  of     _ 
carbon.      Sometimes   the  acrolein    becomes    transformed  into    a    I 
resinoid  body,  which  melts  at  212%  and  forms  a  brittle,  transparent 
mass  on  cooling :  this  substance,   thougli   insoluble  in  water,   is       < 
solulde  in  alcohol,  in  ether,  and  in  alkaline  solutions,  ■ 

The  reactions  of  acrolein  with  the  alkalies,  further  show  its 
similarity  to  aldehyd  1 — ^when  mixed  with  a  solution  of  potash  or  of 
it  is  rapidly  acted  upon ;  its  irritating  odour  disappears  and  is 
succeeded  by  one  of  cinnamon,  whilst  a  brown  resinous  substance  is 
formed.  The  ethereal  solntion  of  acrolein  when  mixed  with  ammo- 
nia yields  a  white  amorphous  body,  destitute  of  odour.  When 
mixed  with  nitrate  of  silver  it  gives  a  white  curdy  preeipitate,  which 
is  redticed  to  metallic  silver  on  boiling,  though  without  coating  the 
glasH  with  the  reduced  metal :  acrylate  of  silver  remains  in  sola.  ■ 
tion.  Oxide  of  silver  rapidly  oxidizes  acrolein,  with  great  evolu- 
tion  of  heat,  and  converts  it  into  acrylic  acid  (1175) ;  the  acid  is 
indeed  easily  prepared  by  this  means  from  the  crude  hquid  obtained 
by  the  des^truetive  distillation  of  the  oils. 

Ilofmaim  and  Cahours  have  succeeded  in  discovering  the  aUylic 
(or,  as  they  have  leas  appropriately  termed  it,  acrylic)  alcohol 
(C^H^Oj  IlO)j  a  compound  wiuch  stands  in  the  same  relation  to 
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acrolein  that  ethylic  alcohol  does  to  ordinary  aldehyd ;  the  same 
chemists  have  also  prepared  a  large  number  of  the  derivatives  of 
this  alcohol,  many  of  which  have  been  long  known  as  compounds 
of  allyl  (CeHg). 

§  III.  The  Fatty  Acids. 

(i  152)  The  fats  and  fixed  oils  when  saponified  yield  a  number 
of  acids,  which  belong  to  two  different  homologous  series.  Stearic 
and  palmitic  acids  may  be  taken  as  the  types  of  one  series,  in  which 
the  general  formula  of  the  normal  acids  is  (C^HJO^.  The  general 
formula  of  the  other  series  is  (C^H^.g)^*  >  ^^^i^  series  is  represented 
by  oleic  acid,  but  only  a  few  terms  of  it  are  known.  By  the 
oxidation  of  the  members  of  these  two  groups  a  third  series  of 
acids  may  be  obtained,  to  which  suberic  and  succinic  acid  belong : 
the  acids  of  this  group  are  dibasic  :  their  normal  hydrates  have  the 
general  formula  (C^H„_2)08.  In  the  following  table  the  correspond- 
ing acids  in  each  of  these  three  groups  are  enumerated  : — 


Acids  of  the  form 

Acids  of  the  form 

Acids  of  the  form 

(C„H,)<>4»  or 

(aH.-2)0„or 

C„H„ 

-jO«,  or 

HO,  C»H„_iO,. 

HO.  C„H„.,03. 

3  HO, 

CJI.-40.. 

Melissic      .  C^TiJ)^ 

Cerotic  .     .  C^Jl^JO^ 

Arachidic   .  Ck,H4,P^ 

Stearic  .     .  C^Hj^n^ 

Oleic      .     .  Cj^Hj^O, 

Palmitic      .  C;„H^O, 

Physetoleic  Cj-^Hj^O, 

Myrigtic     .  C^H^O, 
Laurie    .     .  ^^40^0^ 

Eutic     .    .  C.jHl„0^ 

Scbacic  . 

.  C^H,,0« 

Pelargonic.  C„ll,^0^ 

Caprylio     .  ChH,,0^ 

Suberic  . 

.  c,,n„o« 

(Enanthylic  Cu^^pA 

Pimelic  . 

.  c,,ii,oa 

Caproic  .    .  Ci^H^.O, 
Valeric  .    .  Ciill.oO, 

Adipic    . 

.  C„H,0„ 

Aogelic  .     .  CjoTTg  O^ 

Li  pic  ?   . 

.C.„H«0, 

Butyric .    .  C^  Hg  O^ 

Succinic 

.C^il.O, 

Propionic   .  C,  H^  0^ 

Acrylic  .     .  Cg  H^  O4 

Acetic    .    .  C4  TI4  O^ 

Oxalic    . 

.  C,  H,  0« 

Formic  .    .  C,  ll,  0, 

(a)  Acids  belonging  to  the  Stearic  Series  (HO,  CJl^_iO^). 

(11^3)  The  acids  which  are  comprised  in  this  series  constitute 
one  of  the  most  numerous  and  most  carefully  examined  groups  of 
homologous  compounds ;  all  the  terms  of  which,  commencing  with 
the  formic  and  proceeding  as  far  as  the  rutic,  are  well  known. 
The  number  of  equivalents  of  carbon  in  each  of  these  terms  is  divi* 
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iible  by  2.  It  h^  l>een  remarked^  that  in  the  terms  which  ocmtmiii 
more  carboD  than  the  rutic,  the  number  of  equivalents  of  carbon  in 
all  the  acitk  whieli  have  been  satisfactorily  examined,  is  dirisible  b|^^ 
4  ;  although  many  chemists  admit  the  existence  of  acids  cojtsS^ 
fkjHHidiui;  iu  comjK)!»ition  to  all  the  hydrocarbons  dinsible  by  2,  tip 
to  {Ci^Mift)*  The  fusing  point  of  Brodie's  cerotic  acid  is  so  mnch 
lower  tliau  that  which  might  have  been  expected  from  an  acid  so 
high  in  the  series^  that  Heiiitz  has  suggested  that  this  exceptional 
ease  may  jirobably  arise  fi*om  the  acid  being  a  mixture  of  two 
Otbem ;  sitiee  lie  Hnds  it  to  be  a  general  rule,  that  a  mixture  of 
any  two  of  the  solid  acids  of  tliis  series  has  a  fusing  point  oooi- 
sid«/nil>iy  below  that  of  either  of  its  components  (ii56)< 

The  aciils  bt'loiif^ing  to  this  group  may  all  be  distilled,  eithe 
partially  or  completely,  without  undergoing  decomposdtion.    Ma 
of  thi-rn  exhiint  a  rLTnarkahlc  |>ecuiiarity  in  the  volume  of  vapou 
which   they  furujsli  at   dltfcrcut  temperatures ;   thus,  the  formic 
the  atretic,  the  butyric,  and  the  valeric  acids,  at  low  temperatur 
furnish  a  mmh  Hnuiller  volume  of  vapour  than  they  do  at  more  ele-^ 
vated  temperatures : — 


\  Forrnic  acid  at 
(Ditto,      ditto 

(Acetic  acid  at 
Ditto,  ditto 
Ditto,      ditto 


51 
416 

69 
320 
460 


161 

3'95 
2-48 

a*o8 


f  Butyric  acid  at 
(Ditto,      ditto 


*      50^  307 

At  the  hi|i:!uT  temperaturei*,  and  at  all  points  above  them  (until  the 
acid  undergoes  dcconiposltion)^  i  rquivolent  of  the  tH>mpound  yield?* 
4  voiumcs  of  vaiioiu" ;  but  at  low  temperatures  the  vapour  volume 
does  not  correspoiul  exactly  to  any  specific  multiple  of  the  volmne 
of  oxygen* 

All  of  the   hydrated  acids  of  this  group  when  melted,  witl 
the  exception   of  the  formic  and  the  acetic,  exhibit  the  propertie 
o(  an  oil,  which  is  imperfectly  soluble  in  water;  though  some 
tlic  lower  mcnjbers  of  the  .scries  are  soluble  in  water  to  a  con 
siderable  extent :  they  are  all  abundantly  soluble  both  in  alcohc 
and  ether. 

These  acids  are  regarded  as  mooobasie,  but  several  of  then 
form  both  neutral  and  acid  salts  with  the  alkalies  ;  a  biformiatfl 
a  biuacetate,  and  a  biistearate  of  [>otash,  for  example,   may 
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cadily  obtained.  Many  of  them  yield  with  oxide  of  lead,  not 
)nl7  the  usual  neutral  salt,  but  also  basic  salts,  which  contain  3 
equivalents  of  oxide  of  lead  for  each  equivalent  of  acid.  Many 
if  these  basic  salts  are  fipecly  soluble  in  water. 

The  remarkable  relation  which  these  acids  bear  to  the  alcobols 
has  already  been  pointed  out  (p.  31) ; — for  every  alcohol  there  is  a 
corresponding  acid,  which  may  be  formed  from  the  alcohol  by  a 
regulated  process  of  oxidation,  which  may  sometimes  be  effected 
directly — as  in  the  conversion  of  wine  alcohol  into  vinegar — by 
the  operation  of  finely  divided  platinum ;  but  more  usually  it  is 
necessary  to  resort  to  indirect  means,  such  as  heating  the  dcohol 
with  hydrate  of  potash ;  in  which  case  hydrogen  is  eliminated^ 
whilst  oxygen  enters  into  the  compound,  the  general  form  of  the 
equation  being : — 

C.H.+iO,HO  +  KO,HO  =  K0,C,H._i03  +  4H. 

The  action  of  gaseous  chlorine  upon  the  acids  of  this  group 
gives  rise  to  the  formation  of  chlorinated  acids,  in  which  a  certain 
number  of  equivalents  of  the  hydrogen  is  displaced  by  an  equal 
number  of  equivalents  of  chlorine ;  but  the  saturating  power  of 
the  acid  is  not  altered.  In  many  cases  more  than  one  chlorinated 
acid  may  be  formed  fmm  the  original  acid ;  for  example  : — 

Acetic  acid  HO,  C,  1X3  O3  \^^^^'^^'^'  ^^^         "«>  C,  J^^  |  O3 

[Trichloracetic  acid     HO,  C4  CI3     Oj 


Bntyric  .  HO,  C«  H7  O3 


Bichlorobutyric  HO,  Cg^]^  |  O, 

Quadrichlorobutyric  HO,  C^  p,  '  >  Oj 

/Chlorovalerisic     )  ^n   p    ^e^ri 

(Trichlorovalcric)  J  ^^^'  ^^^Cl,  j  ^* 


Valeric  .  HO,  CiaHo  O3  -^  ^, ,  ,  >.  „  >i 

.     10    9     3    Chlorovalerosic  1  ro  P    ^H  O 

i(auadrichlorovaleric))^^^^^^CU5^* 
Stearic  .  HO,  C3en3.03  jchlorostcaric  HO,C3epj^08. 

Several  of  these   acids  also  furnish  nitro-acids,  when  treated 
with  fuming  nitric  acid;  such,  for  example,  as  the  following: — 

Nitropropionic  acid      .  .HO,  €«  H4NO4,  O3 

Nitrobutyric  acid  .  .  HO,  Cg  HeN04,  O3 

Nitrovaleric  acid  .  .  HO,  CioH^NO^,  O3. 

An  interesting  observation  was  made  by  Kolbe  regarding  the 


x^  ^^  =  HO,  tCjajICJh  «  McAyM«iic  HO,  C,(C^HJQ, 
=  HO,  {q|H«)CA  or  EAyHwie    HO,C(C,HJOg 
==  HO,  iC^H.QOi  or  TVitTlftmk    HO,  C,(C,Hj)0, 
=  HO,  (C;UjC;p,  or  TetiyUanBir  HO,C,tC^HjO,; 
uA  ^  ofiu     G^littrdt  prefab  to  trgsnl  iken  as  denratives  of 
ibc^A^*    arid,    in  vlikii  tbe  li%*drO|;i!ti  of   tbe  formic  add  »  dts- 

%^  ty  tie  radidea  of  Uie  akolub :  Uib  vkv  accords  eqv 
v^milh  the  results  of  dfdroljsj^aiftd  is  eertamlf  iiH»e  in  barmofl 
^  t^K  prcscui  state  of  our  knowled^  of  ibe  mode  in  ^l 
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Semical   compounds  are  formed.      Such  a  supposition,  however, 

■  docs  not  indicate  any  theory  as  to  the  molecular  coustittition  of 

formic  acid  itself;  it  merely  states  that  in  whatever  way  formic 

I  acid    he   constituted,  the  higher  acids  of  the  group  arc   probably 

similar  in  their  atomic  arrangement :  and  formic  acid   itself  may 

"possibly  be  an   oxide  of  a  radicle  which  itself  contains  oxygen. 

kThus  :— 

Formic  acid  would  then  be     .  HO,  [CjlIIlO^lO 
Acetic  acid  „  .  HO,  [CaCCaH^lOtJO 

Propionic  acid         „  ,  HO,  [CgiCJ^JO^lO, 

Some  dltticulty  is  experienced  in  procuring  the  soluble  salts 
of  the  higher  fatty  acids  in  a  state  of  purity ;  since  few  of  them 
.an'stallize  readily  from  their  aqueous  solutions.     The  baryta  salts 
when  soluble,  however,  generally  admit  of  being  procured  iu  well- 
I  defined  forma- 

Tlie  soda  salts  of  this  group  of  acids  arc  all  soluble  in  hot  w  ater, 
and  are  therefore  easily  prepared  by  boding  the  fatty  acid  with  a 
slight  excess  of  the  alkali.  This  excess  of  alkali  may  be  removed  from 
the  soda  salts  of  the  higher  terms  of  the  series,  by  taking  advantage 
of  their  insolubdity  in  a  concentrated  j^olution  of  ddoride  of  sotlium  ; 
for  as  soon  as  the  solution  of  the  soap  is  poured  into  strong  brine, 
the  soda  soap  is  separated  iu  tlie  form  of  a  curdled  granular  mass, 
which  can  be  easily  collected  on  a  liuen  filter  and  pressed,  whilst 
the  excess  of  soda  remains  in  solution  with  the  chloride  of  sodium. 
The  coagulated  soap  is  then  to  he  re-dissolved  in  water,  and  salted 
out  once  or  twice  more  :  finally,  the  soda  salt  may  be  purified  from 
the  chloride  of  sodium  by  re-ci7stalli2ution  from  alcohol. 

The  foregoing  process  cannot  be  adopted  with  the  fjotash  salts, 
since  the  potash  soaps  are  decomposed  when  mixed  with  cidoride 
of  sodium,  a  soda  soap  being  formed  whilst  cidoride  of  f>otassium 
remains  iu  solution,  Cidoride  of  potassium  cannot  he  substituted 
for  chloride  of  sodium  iu  salting  out,  since  the  soaps  are  not  in- 
soluble in  a  solution  of  chloride  of  potassium, 

Tlie  method  to  be  used  in  the  preparation  of  the  pure  potash 
salts  cousistS;,  therelbre,^ — in  boiling  the  acid  with  an  excess  of  ear- 
bonate  of  potash,  evaporating  the  solution  to  dryness,  and  tlicn 
separating  the  potash  salt  from  the  excess  of  carbonate  by  dissolving 
the  soap  in  alcohol :  on  evaporation  of  the  alcoholic  solution,  the 
potash  salt  of  the  oily  acid  may  generally  be  obtained  in  crystals. 
The  insoluble  soa]>s  may  be  procured  by  double  decomposition  ; 
a  pure  and  rather  dilute  solution  of  tlie  |K)tash  or  of  the  soda 
salt  being  mij^ed  with  a  dilute  solution  of  a  salt  of  the  metallic 
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ojdde,  Buch  118  ffolpbate  of  copper,  acetate  of  lead,  or  mirttteof  nbrcr ; 
acoording  as  a  compouad  of  copper,  of  lead,  or  of  fiUTer,  is  dnred. 
The  following  table  indicates  the  oompoattoa  of  the  acids  of 
the  stearic  series,  and  the  mdtii^  point  of  eadi  add,  Y«di  dw 
ionrce  whence  it  is  obtained : — 


AruU. 

fumiit*. 

Whrtm  nUmmtA, 

Heliitie.    . 

HO,  C«,H„0, 

191 

Bet-i'  wax,                                , 

Cerotic  •    . 

mxcjij^. 

174 

Hfe*'  naK. 

Am^hidic    . 

HO,C'    H«0, 

167 

Stearic   .    . 

HO.C«H„0, 

»5a 

Mn«t  floUd  animal  fati. 

Palmitic      * 

HO.C„H,,0. 

U^'B 

(  Palm  oil ;  hmter  ;  biMi* 
wax.  Ac,                        J 

Myri«lio     , 

HO,  C^H^O, 

129 

1  Nutmeg;  baiter;  eoeoM 
}    nut  oil,  Ac. 

Lttiiria     ♦     • 

HO,C„H«0, 

110 

Cocoa-nut  oil ;  berriirs  of 
the  b»y  tree- 

Rutic     ,    , 

HO,  c„n,,o, 

B6 

But  Ut  ;    oil  of  me  bj 

oxidation 

Pekrganic  * 

HO,  C,,H„Oa 

500 

LeaTc«  of  tbe  gf- 

)    ranium. 

•1 

Csprylio 

HO,C..H,,0, 

59 

457 

Butter;  cocoa-nut  oil. 

a 

(EmiTjtliylic 

no,c,H,,o. 

below  0" 

398? 

(  Ca.stor  oil  by  dia- 
(    tiliation,  Ac, 

s 

^ 

Ciiprgio  .     . 

HO,C„H,,0, 

39a 

Butter. 

(  Valerian      root  ; 

3 

Vdcrio  .    . 

no.c,,H,o, 

below  0 

347 

<   oxidation  of  fou- 

(  uA  oil. 

i  Butter  J    fermen- 

4^  1 

0  « 

Butyric  .     . 

HO.C,  HyO, 

below  0 

3'4 

<    tation    of  lactic 

0 

<» 

(    acid,  &c. 

g 

Propiflnio    . 

HO,  C»  Hj  Og 

384 

Fermentation    of 
i     glycerin,  &c. 
(  Distillation         of 

1 

s 

Ac©tiO     .     . 

HO,  C4  H,  0, 

63 

343 

i    wootl  ;  oxidation 
(    of  alcohol,  &C.      J 

(S- 

^  R<'tl  anU  J  distillation  of 

Formio  ,    . 

HO,  C,  H  0, 

31 

211 

\    oxalic  a<nd ;  and  oxida- 
J    lion  of  amylttceoud  and 
\^  other  organic  bodies. 

MeH,i.nc  and  cerotic  ncuh  Iiave  been  already  described  (1135). 
Arachkiic  ot  butic  acid  does  not  appear  to  have  been  obtained  from 
butter  in  a  state  of  perfect  purity  j  but  a  crystal lizaldc  fatty  aeid 
liavin;^  the  composition  assigftied  to  it  in  the  Table,  has  been  ex- 
tracted from  the  oil  obtained  from  the  seeds  of  the  Arachts  hypog<Bap 
the  ground-nut  oil  of  Western  Africa. 

(11 54)  Stearic  Acio  (HO,  C^^Hj-Oj). — ^Tbis  important  fatty 
acid  is  liberated  during  the  saponification  of  all  the  fats  which  con- 
tain stearin.     Until  recently  it  was  regarded  as  a  dibasic  acid^  and  its 
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formula  was  represented  as  (2  HO,  CegHeeOg).  It  may,  however, 
with  care,  be  distilled  without  decomposition,  and  further  experi- 
ments by  Heintz  and  others  have  shewn  that  it  belongs  to  the 
same  series  of  acids  as  the  palmitic,  which  it  greatly  resembles. 
The  bassic  acid,  which  Hardwich  extracted  from  the  oil  of  the 
Bassia  latifoUa,  and  found  to  possess  the  formula  (HO,C3eH3603), 
is  pure  stearic  acid. 

Stearic  acid  may  be  obtained  by  saponifying  mutton  suet,  and 
decomposing  the  hot  solution  of  the  soap  with  hydrochloric,  or 
still  better,  with  tartaric  acid.  The  oily  acids  are  next  to  be  sub- 
mitted to  pressure  between  hot  plates,  by  which  means  a  large 
portion  of  the  oleic  acid  is  separated :  the  solid  residue  is  then  to 
be  recrystallized  from  alcohol,  three  or  four  times,  and  afterwards 
from  ether,  until  the  fusing  point  becomes  constant  at  159°. 
The  ethereal  solution,  if  allowed  to  cool  very  slowly,  deposits 
the  acid  in  beautiful  colourless,  transparent,  rhombic  plates. 
When  fused  it  presents  the  appearance  of  a  colourless  oil,  destitute 
of  taste  or  odour ;  and,  on  solidifying,  it  concretes  into  a  white 
crystalline  mass,  which  is  insoluble  in  water,  but  freely  soluble  in 
hot  alcohol :  this  solution  reddens  litmus. 

Stearates. — Stearic  acid  forms  botli  acid  and  neutral  salts.  The 
stearates  of  the  alkalies  are  soluble  in  a  small  quantity  of  water, 
and  in  alcohol ;  a  mixture  of  alcohol  and  ether,  of  sp.  gr.  0750,  also 
dissolves  them,  and  deposits  them  in  crystals  on  cooling.  When  an 
aqueous  solution  of  neutral  stearate  of  potash  or  of  soda  is  largely 
diluted  with  water,  the  liquid  becomes  turbid,  and  a  copious  sepa- 
ration of  silky  crystalline  i)latcs  of  an  acid  stearate  of  the  base 
is  occasioned.  Chevreul,  who  has  carefully  examined  this  decom- 
position, finds  that  it  is  not  an  isolated  case,  but  that  generally, 
when  a  salt  is  formed  by  the  union  of  a  base  soluble  in  water  with 
an  acid  which  is  insoluble,  the  neutral  salt  so  obtained  is  decom- 
posed by  water,  with  the  precipitation  of  an  insoluble  acid  salt, 
while  a  portion  of  the  base  remains  in  solution. 

Stearate  of  soda  is  the  basis  of  ordinary  hard  soap.  The  soluble 
stearates  are  separated  from  their  solution  in  water  by  the  addition  of 
a  large  excess  of  soda  or  of  potash.  Chloride  of  sodium  also  causes 
their  immediate  coagulation ;  and  some  other  salts  have  a  similar 
effect :  advantage  is  taken  of  this  fact  to  separate  soap  from  glycerin 
and  other  impurities  in  the  operation  of  soap-making. 

The  other  stearates  are  insoluble ;  those  of  baryta  and  lime 
'are  crystaHine,  and  insoluble  in  alcohol.  Stearate  of  magnesia 
•is  fusible^  and  may  be  dissolved  by  boiling  alcohol.     Stearate  of 
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of  »tcaratc  of  soda :    it  is  a  hea\y  amorplious  precipi 
#1  about  260°,  sparingly  soluble  in  alcohol  and  in  ether,  but  ftaiTtlT 
soluble  in  oil  of  tnr|xnitine  :    stearate  of  lead   is  one  of  the  cofr 
fitituenls  of  the  ordinary  lead  plaster. 

Stearic  acid,  when  submitted  for  some  weeks  to  a  eurreat  of 
cUoriiie,  at  a  teunKTature  of  a  t  2*^,  loses  a  portion  of  its  hrdrc^ 
and  liecouies  coiwertetl  into  a  yellowish,  transparent,  clilorinatei 
eciiu[jaaud,  of  a  rcaiuous  aspect,  in  which  Ilardwich  found  that  ro 
e^j  -^  of  hydrogen  had  been  displaced  by  10  equivalents  of 

c\  ]iinniug  chlorasteane  acid  (HO,  C^HgsCIi^^Oa). 

NV  ben  stearic  acid  is  boiled  for  some  dajs  with  nitric  arid,  it 
u  j^TsdoaJly  converted  into  suberic  and  succinic  acids  (i  180,  iiHiV. 
Il  ham  beeu  stated  that  it  may  l>e  eonyerted  into  mai^ari<*  adA 
Iqt  gvtitJy  ben  ting  it  for  a  short  time  with  nitric  acid^  but  HeinO 
ham  sbewQ  that  this  is  an  error. 

(1155)  Palmitic  Acid  {HO,  Ca,IIjiO.,), — Tliis  acid  is  obtained 
moeit  readily  from  palm  oil,  the  solid  portion  of  which  cousisti 
chiefly  of  the  glycerin  cornpouud  of  palmitic  acid^  and  whidi^ 
when  long  kept,  often  eontaius  tlie  free  acid  in  lai^  quantity, 
•motmtiiig  in  some  instances  to  one-third  of  its  wcnght*  Vndct 
these  circunjstauces  the  oil  contains  a  considerable  quantity  <tf 
oncombiiied  glycerin.  Palmitic  acid  may  also  be  procured  bv  the 
ftponilication  of  spermaceti :  according  to  lleiutz,  it  is  likfvtse 
prcetent  in  human  fat,  in  the  solid  constituent  of  oli%x  oil,  and  gene- 
imlly  in  sub^^tJiiiees  which  Imve  been  dc^t^ribed  as  yielding  Tnar^arin* 
It  is  hkewise  one  of  the  products  of  the  decomposition  of  oleic  «riJ 
^riieu  this  body  is  fused  with  twice  its  weight  of  hydrate  of  potash  :— 

Dime  Acid.  FaJmit .  FutA^h.  Acet.  PoUaIi. 

Bi\C»"»0»  +  2  (KG,  HO)  =  Kacl,n,,o;  +  KO,C,H,0,'+jH. 
dniftk  acid,  after  repeated  crystallization  from   alcohol,  appears 
*§s  JH  taf^tckfi®  white  fat,  which  may  be  obtained  in  tut\s  of  drlicate 
^ftsibleat  \'{f'^*     It  may,  with  care,  be  distilled  without 
*  decomposition. 

itfutnd  pwlniitatcs  of  tlie  alkalies  are   readily  soluble  in 

I  forui  a  solution  which  gelatinizes  on  cooling.    They 

9ol«ble  in  cold   alcohol,   but   freely   so   in   boillug 

.  i  ::  Mil  deposits   the  salts  in   crystals  on   oooliag* 

.    I      ns  of   the   neutral   palmitates,  when    largely 

, -i»  discomposed   in  a  manner  similar  to  thoee 

;soluble  acid  saltj  whilst  a  portion  of  the 
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(1156)   Margaric   Acid    (HO,  C^JL^^O.,). — The  existence  of 
th'iB  acid  lias  receutly  been  denied  by  Heintsc,  who  stated  that  tlie 
iy  hitherto  described  under  this  name  is  in  reality  a  nii?itnre 
lof  stearic  and  palmitic  acids.      In  order  to  prepare  the  substance 
Ifornierly  designated  rb  margaric  acid,  Marseilles,  or  olive-oil  soap. 
Vis  to  be  dissolved   in  boiUng  water,  and  mixed  with  a  solution  of 
[chloride  of  calcium  ;  a  precipitate  of  minj^led  oleate  and  margarate 
[of  lime  is  thns  obtained,  which  after  being  dried  is  pulverized  and 
[digested   in  cold    ether,    so  long   as   anything    i»  dissolved :    the 
^oleate  of  lime  is  thus  brought  into  solution,  wliilst  the  raargarate 
[is  left  behind.      The  margarate  is  then   decomposed  by  boiling  it 
rith   hydrochloric    aeid*   and    the    oily   acid    which    separates   is 
thoi-onghly  washed  and  reerystallized  from   alcohol ;  as   thus   ob- 
tained it  melts  at  140°  F»      Heintz,   however,  states  that  the  acid 
»80  obtained  may  be  separated   into  stearic   and   palmitic   acid,  by 
I  repeatedly    crystallizing    it    from    alcohol ;     the    melting    point 
may  thus   be  raised  till   it    reaches    159°,  the    fusing   point    of 
[fiteuric   acid,       A  better    plan   c^msist^    in    adding    to    a    boiling 
eolution  of  the   acid    in    alcohol    a   boiling    solution  of  acetate 
^  of  lead,   or  of  acetate   of  baryta,   containing  a   ipiantity   of  the 
baryta,   or   lead   salt,  amounting   to   two-sevenths   of   the  weight 
I  of  the  fatty  acid*      As  the  liquid  cools,  a  precipitate  is  obtained, 
I  which    is    to    ^>e    collected    u|X>n    a   filter.      Tliis    portion    con- 
tains the  whole   of  the  stearic  acid,  whil-^t   most  of  the  palmitic 
acid  remains  in  solution ;   the  filtered  liquid  is  now  to  be  precipi- 
tated by  an  excess  of  the  baryta  or  lead  salt.     This  latter  pre- 
cipitate contains   the  palmitic   acid ;    it   may   be  decomposed  by 
hydrochloric  acid,  and  reerystallized  from  alcohol  till  its  melting 
point  remains  fixed  at  143'*'6.     If  necessary,  it  may  be  again  sub- 
mitted to  a  partial  precipitation  with  acetate  of  lead,  or  of  barj^ta. 
Althongh  the  melting  jjoint  of  stearic  acid  is  159°,  and  that  of 
palmitic  acid  is  I43°*6,  Heintz   finds  that  a  mixture  of  the  two 
acids  melts  at  a  lower  temperature  than  either  of  them  separately; 
and  if  9   or   10  parts   of  palmitic  acid  be   fused  with  i  part  of 
Istearic  acid,  a  mass  is   obtained   which  solidifies  at    140"^;  which 
corresponds  to  the  fusing  point  of  the  so-called  margaric  aeid. 

{1157)  Myrhtic  acid  (110,  C^^U^rO^)  is  comparatively  uuim- 
[portant;    it  is  furnished  by  nutmeg  butter,  and   fuses   at  129^ 
(Heintz), 

Laurie  acid  (HO,  C^iH2303),  fusing  point  110°  (Heintz),  was 
[first  extracte<i  from  the  soft  green  fat  of  the  bay  berries  {Laurtia 
[no^t/iV),  but  it  has  since  been  found  in  cocoa-nut  oil  (Geoi^ey}^  as 
mell  as  in  the  pichurim  nut  and  in  caeao  butter* 
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(1158)  CapriCf  or  as  it  liw  been   more  oonTeoimllT 
ruHc  acid  (HO,  C3,>HioO,)i  is  a  roladle  fatty  acid  which 
msmr  mtefcstiug  rotations  to  other  bodies.      It  was  dbocivcxcd  tf 
Qicrrciil  amount  the  products  of  the  sapoaifieatioii  of  butt«f ; 
it  is  alao  fiiniiahcd  by  the   oxidation  of  oleic   acid  by  nitric 
and  Gcrhardt  has  procured  it  readily  by  acting  upon  oil  of  mei 
fionif   nitric  scid  ;   oil  of  rue    (C^aUjoO^},    having:    in  fiid 
of  the    aldehyd  of  capric   acid :    daring    tlie 
dt  tA  dt  roe  by  nitric  acid,  a  portion    of  pelargooic  «dl 
ii  atmally  iomad  aft  tiie  aame  time.    Capric  acid  id  abo  GODlMMi 
ia  ^hA  n^Mlilji  in  ^km  fitlty  adds  of  the  cocoa-nnt  oil. 
ac^  ffryrtantfrf  ia  colouriess  needles^  whicb  are  fusible  at  86^; 
Imb  a  a%te  odour  of  the  goal*     This  acid  is  sparingly  solufa 
fcidpc^  wmat,  bol  it  separates  completely^  in  glistening  plad 
Ae  ii|iDd  eoob ;  tta  taste  is  i^ur  and  burning.      It  is  soluti 
aAoiiMi  in  aU  proportions  :   when  distilled   it  is  liable  to  no 
pMiri  deoompoaition.    Capric  acid  b  generally  purified  by  can 
it  la  canbine  with  baryta ;   the  salt  thus  obtained  crystallixcsl 
InSanl  plates :  it  is  soluble  to  a  considerable    extent  in 
liUKr^but  requires  200  parts  of  cold  water  for  sol  ution. 

(1159)  Pdargmic  Acid   (HO^Cj^Hi^O,)* — ^This  acid    is 
|ttRUively  unimportant:  it  was  originally  extracted  from  the  le 
oCtke  gcmnium,  by  distilling   them  with   water,  purifying  thcl 
^a^di  (loats   on   tlic  surfttcc  by  neutralizing   it  with  hydrate  flf'l 
taajrta^  and  hrnting  the  mixture  to  drive  ofl'  a   volatile  oily 
%llueli  comes  ovt-r  with  tlie  acid.      The   pelargouate    of 
^Ittewards  decomposed  by  an  acid.      Pclargonic  acid  may  alsal 
by  heating  oil  of  rue  with  an  equal  measure  of  nitric  ; 
la  been  diluted  with  its  own  bulk  of  water ;    and  it  is  j 

by  the  oxidation   of  oleic  acid   by  the    same 
-r  mmk^dride    {Q^^M^^Oj^,   Q^^U^-p^   is    a    colourh 
•Ulea  at  32*,  and  has  a  disagreeable  odour  of  rancid  hut 

•    by  acting   upon    pelargoimte   of  baryta   with  OXT* 

.  ^Iwojipliorus.      Hydraied  pclargonic  acid  is  a  colourless 

»^  Mai^  insoluble  in   water,  but  soluble  in  alcohol  aod 

i  fiuut  unpleasant  smell ;   at  500""  it  boils,  and  inay 

^*"*Xtd;  according  to  Belffs  it  is  identical  withl 

L.acbig  ami  Peloiizc. 

'^cocW  (HO,  CiJI.sO^),  F^p,ffr.  of  vapour  s'j^i 
M^^ttfe  obtained  by  Che\Tcul  during  tlie  saji 
fi>uiid  likewise  in  cocoa-nut  oil,  as  wcll| 
of  tUie  oxidation  of  oleic  acid  by  nitric 
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lie  anhydride  (C  1^111^,03,  Ci^Uj^O^j)  is  a  limpid  oil  of  a  disagree- 
able odour,  wliicli  burns  with  a  luiuitious  flame  :  it  becomes  solid  iu 
Jie  cold  produced  by  a  mixture  of  ice  and  salt.     Hydrated  capr}  lie 
Did  becouies  solid  at  about  54'',  it  melts  at  ^W  or  59°,  and  boils  and 
ly  be  distilled  at  457°  :  it  is  but  sparingly  soluble  in  water  even 
^at  a  temperature  of  212^      It  is  best  prepared  by  decomposing  the 
[caprylate  of   baryta  with  sulphuric  acid:    eaprylate  of  banta  is 
[insoluble  in  alcohol   and  in  ether,  but  is   dissolved   by  twice   its 
[  weight  of  boiling  water  ;    it  crystallizes  from  its  aqueous  solution 
in  anhydrous   colourless  plates,  which  are  deposited   m  rounded 
nodular  masses.      Caprylic  acid  is  usually  accompanied  by   rutie 
[acid,  but  since  the  caprylate  of  baryta  is  more  soluble  than  the 
I  mtate  of  this  base,  the  acids  may  be  separated  by  converting  them 
■into  baryta  salts  and  then  crystallizing  them, 

( 1 1 6 1 )  (EnanthyVic  Add  { 1 1 0,Ci  JTi/^j) . — ^Tliis  acid  is  obtained 
i  one  of  the  products  of  the  oxidation  of  oleic  acid  by  means  of 
I  nitric  acid.  It  is  also  produced  during  the  destructive  distillation 
of  castor  oil ;  but  it  is  most  readily  obtained  by  heating  one  part  of 
castor  oil  in  a  retort  \\\X\i  two  pai*ts  of  concentrated  nitric  acid 
diluted  with  twice  its  volume  of  water.  A  brisk  reaction  occurs  j 
the  mixture  must  be  maintained  at  a  boiling  tcnipei"aturc  for  a  fewr 
bours,  and  the  products  which  distil  over  must  be  mixed  with  water, 
*when  au  oily  stratum  of  cenauthylic  acid  will  rise  to  the  surface ; 
it  must  be  again  distilled  with  water^  and  may  be  obtained  as  a 
monohydrate  by  distilling  the  liquid  fi^om  fused  phosphoric  acid* 

(Etianihylic  anhydride  (Ci^HiaOa,  Ci^HigOa)  may  be  obtained  as 
an  oily  liquid  of  sp,  gr,  0*92^  by  diKtilling  oenanthylate  of  potat^h 
with  oxy chloride  of  phosphorus,  Hydrnied  ocnauthylic  acid  aiay 
beenposed  to  a  cold  of  o**  without  becoming  solid  ;  it  boils  and  may 
be  distilled  at  298"*,  but  it  undergoes  partial  decomposition  during 
the  operation.  One  of  its  most  characteristic  salts  is  the  o^uau- 
thy  late  of  copper,  which  crystallizes  in  beautiful  green  needles; 
these  are  soluble  in  alcohol,  but  nearly  insoluble  in  water. 

(1 J  62)  Cap7'oi€  Acid  (HO,  CY,HijO;j)  ;  Sjj,  (/r.  0/  vapour  4*26. — 
This  acid  is  liquid  at  ordinary  temperatures :  it  has  a  characteristic 
odour  of  acid  sweat,  and  has  a  pungent  and  sweetish  taste  ;  the  con- 
centrated acid  bleaches  those  parts  of  the  tongue  which  it  touches.  It 
boils  at  about  392'',  and  may  be  distdled  unchanged.  Water  dissolves 
it  to  a  small  extent,  Caproic  acid  is  obtained  in  small  quantity  by 
the  saponification  of  butter,  or  of  cocoa-nut  oil,  and  it  is  amongst 
the  volatile  products  of  the  oxidation  of  oleic  by  nitric  acid.  It 
may  be  obtained  from  butter  by  pressing  out  the  portion  wliieh 
remains  li<|uid  at  60*^,  then  saponifying  this  oil  and  distilling  the 
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Boaj)  with  feulphuric  arid ;  rutic,  caprylic,  caproie,  and 
acids  arc  time  obtained  iu  the  liquid  which  passes  over.  The  dis» 
tillate  is  to  be  neutralized  with  baryta^  wliich  forms  a  eohiUe 
caproate^  whilst  the  caprylate  and  rutate  are  nearly  insohiUe. 
The  caproate  and  butyrate  are  separated  by  cr>stallixation,  t 
caproate  assuming  tlxo  form  of  delicate,  brilliant,  anhydrous  needle^^ 
if  the  solution  be  cvaporatccl  alx>vc  86°,  whilst  if  left  to  sponianeoot 
evai>oration  it  forms  hexagonal  plates  which  effloresce  in  the  atmo- 
sphere. Anhydrous  caproate  of  baryta,  if  distilled  with  perchloride 
of  p!jo«phorus,  yields  caproic'an/iydride  (Ci-^HjiO^,  CjjHiiOj),  in  the 
form  of  a  colourless  neutral  oil,  which  floats  on  water,  by  which  it 
is  rapidly  converted  into  the  hyd rated  acid.  Caproate  of  silver  is 
spanii{^1y  soluble,  but  most  of  the  other  suits  of  the  acid  are  rcadil] 
dissolved  by  water. 


tic« I 


(1163)  Valeeic,  oe  Valehianic  Acm  (HO,  CioHj^O,)) 
ffr,  of  lif/tiidotjyj^  of  vapour  ^66, — This  compound  appears  to  bel 
identical  with  the  phocenic  acid  obtained  by  Cbevreid  from  somaj 
of  t!ie  ti»h  oilft.  It  occurs  also  (associated  with  a  peculiar  essentia 
oil)  in  the  root  of  the  valerian  ;  it  is  likcM^se  present  in  the  l>errie 
of  the  guelder-rose  ( Viimrmim  opiiiiis).  If  valerian  root  be  distille 
with  water  acidulated  with  dilute  sulphuric  acid^  valeric  aeidj 
over  into  the  receiver :  its  quantity  may  be  increased  by  digestii! 
the  root  with  a  mixture  of  dilute  sulphuric  acid  and  bichromati 
of  potaslij  j^^iiicc  tlic  vak^rian  root  contains  a  compound  (valerolJ 
C^Ali,fJ2)r  ^*^iit:h  by  oxidation  becomes  converted  into  valeric  acidJ 
Valerie  acid  is  also  a  frequent  product  of  tlie  oxidation  of  oleic 
acid  and  of  other  fatty  acids ;  it  is  likewise  ofYen  present  ill 
decaying  cheese,  but  it  is  most  readily  olitained  by  the  action 
oxidizing  ageuta  on  arnylic  aleohoL  If  the  vapours  of  fousel  oil  be"' 
sent  through  a  tube,  filled  with  a  mixture  of  lime  and  hydrate  of 
soda  nod  lieated  to  400^^,  valerate  of  soda  is  prodiu^ed,  and  hydrogen, 
mixed  with  carburet  ted  hydrogen,  is  evolved.  When  cold,  the  mass 
must  be  plunged  at  once  into  water  to  prevent  it  from  taking 
tire  by  access  of  air;  and  the  solution  must  be  distilled  with  dilute 
sulphuric  acid ;  valeric  acid  then  passes  over  into  the  receiver. 
A  still  easier  method  of  preparing  it  consists  iu  distilling  fousel  oil 
with  a  mixture  of  dilute  sulphuric  acid  and  bicliromate  of  potash  j 
Valerie  acid  mixed  with  valerate  of  amyl  (Ci„HyO,  Ci^^HyO.j)  passes 
over,  and  tlie  latter  may  be  decomposed  by  potash  into  valerate  of 
potash  and  fousel  oil.  Tlie  valerate  of  potash  when  distilled  with 
sulphuric  acid  furnishes  pure  valeric  acid. 
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Valeric  acid  is  a  limpid  colourlesa  oil,  which  remains  liquid  at 
o^.  It  has  a  powerful  odour  allied  to  that  of  valerian  root,  and  a 
burning  taste.  It  boils  at  347°,  and  may  be  distilled  without 
change.  It  is  sparingly  soluble  in  water,  but  is  soluble  in 
alcohol  and  ether  in  all  proportions :  it  is  also  freely  soluble  in 
strong  acetic  acid.  Valeric  acid  resembles  the  acetic  in  its  pro- 
perty of  forming  a  second  hydrate  (HO,  CioII^Oj,  2  Aq),  which  is 
obtained  when  the  acid  is  liberated  by  a  stronger  acid  from  an 
aqueous  solution  of  its  salts.  Valeric  anhydride  (CioHgOa,  CjoH^jOj ; 
sp.  gr.  0-934)  is  a  colourless,  mobile  liquid,  with  an  agreeable  odour 
of  apples;  it  boils  at  419^,  and  gives  off  a  vapour  of  sp.  gr.  6*23  : 
the  alkalies  in  the  presence  of  water  rapidly  convert  it  into  a 
hydrate.  This  compound  is  easily  obtained  by  allowing  one  part  of 
oxychloride  of  phosphorus  to  fall  drop  by  drop  ui>on  six  parts  of 
dry  valerate  of  potash ;  washing  the  product  with  a  weak  solution  of 
carbonate  of  soda,  and  then  dissolving  out  the  anhydride  with  ether : 
the  ethereal  solution  is  agitated  with  fused  chloride  of  calcium  m 
order  to  remove  water;  and  on  expeUing  the  ether  by  heat,  the 
anhydride  is  left  in  a  state  of  purity. 

Tlie  valerates  when  dry  are  destitute  of  odour,  they  have  a 
sweetish  taste,  and  are  easily  recognized  by  the  peculiar  smell  of 
valerianic  acid  which  they  emit  when  heated  with  dilute  sulphuric 
acid.  These  salts,  with  the  exception  of  the  valerate  of  silver  and 
of  suboxide  of  mercury,  are  soluble  in  water,  and  many  of  them  are 
also  soluble  in  alcohol.  Those  of  the  alkalies  are  deliquescent, 
and  crystallize  with  difficulty  ;  they  fuse  readily  on  the  application 
of  a  moderate  heat.  Valerate  of  baryta  crystallizes  in  prisms  which 
are  brittle.  Valerate  of  zinc  crystallizes  in  plates ;  this  salt,  as 
well  as  some  others  of  the  valerates,  has  been  used  medicinally. 

Chlorine  acts  u\x)n  valeric  acid  by  displacing  a  portion  of  its 
hydrogen;  by  this  means  two  new  substitution  compounds  may 
be  formed.  Both  of  these  bodies  retain  the  monobasic  character 
of  valerianic  acid.  They  were  termed  by  Dunms,  chlorovalerisic 
(HO,CioneCl303)  and  chlorovalerosic  (llO,  CnjU-Cl^Oa)  acids;  both 
of  them  form  stable,  well-defined  salts. 

When  valeric  acid  is  boiled  for  several  days  with  concen- 
trated nitric  acid  it  becomes  decomposed,  and  a  great  part  is  con- 
verted into  nitrovaknic  acid  (110,  Cjoll^  (NOJ  O3),  which  is  vola- 
tile without  decomposition ;  it  crystallizes  in  beautiful  rhomboidal 
tables^  and  forms  defiuite  salts. 

(1164)  Butyric  Acid  (HO,  C  JI7O3) ;  Sp.gr.  of  liquid  at  ^%^ 
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0*9886,  of  vapour  5*07. — ^This  acid  is  a  liquid  wliicli,  at  59**,  has 
the  8p.  gr.  0*973  J  *^  remaim*  fluid  at  —  4*  P.,  and  volatilizes  at  or* 
dinary  temperatures  with  a  strong  smell  of  rancid  butter;  it  boiU 
at  3i4*"6  F.  (Kopp)j  and  may  be  distilled  unchanged.      Butyric  acid 
has  a  sharp  acrid  taste,  and  is  readily  soluble  in  water^  alcohol, 
and  ether:  the  addition  of  a  solution  of  hydi*ochloric  acid  or  ofj 
chloride  of  calcium  to  its  aqueous  solution  causes  the  butyric  acidj 
to  separate  and  rise  to  the  suiface.     The  acid  is  easily  obtained  in  I 
a  state  of  purity  by  distilling  three  parts  of  the  butyrate  of  limej 
with  twelve  parts  of  water  and  one  of  coneentrated  hydrochloric 
acid :  about  one  part  of  liquid  should  be  distiUed  over.    If  the  dia 
tillate  be  digested  upon  an  excess  of  chloride  of  calcium,  the  solutioal 
which  is  formed  separates  into  two  layers,  the  upper  one  of  which* 
contains  the  butyric  acid :  it  must  be  decanted  into  a  retort  and 
distilled  :  the  first  portions  which  pass  over  are  aqueous,  but  when 
the  temperature  rises  to  '-^27**  (Gelis  and  Pelouze),  the  acid 
over  in  the  concentrated  form  {HO,  CgHyOg).      Buiyric  anhydrid^ 
C^h^^f^JhO^)  ;  Sp,  fp\  ofligmd  at  SS^'O'^jS,  of  vapour  5-38,- 
This  body  may  be  obtained  by  distilling  a  mixture  of  five  parts ' 
of  chloride   of  benzoyl,  and   eight  of  dry  butyrate  of  soda  :   it 
forms  a  colourless,  very  mobile  liquid,  with  an  odour  which  re^em-'^^ 
hies  that  of  the   pine  a|>ple*      It  lioils  at  374**.      When   exposed^H 
to  the  air  it   absorbs  moisture  and  acquires  the  repulsive  odour 
of  the  hydrated  acid, 

Buit/rafes. — Butyric  acid  is  monobasic.  Its  salts  when  dry  arc 
without  odour  ;  but  when  moist  they  have  a  smell  of  rancid  butter. 
Most  of  thera  are  very  freely  soluble;  when  reduced  to  powder,  and 
thrown  upon  water,  they  are  dissolved  with  a  rapid  g}Tatory  motion, 
Butyrate  of  baryta  er)^stallize9,  by  spontaneous  evaporation,  in  lon^f 
prisms,  with  four  equivalents  of  water  ;  when  formed  by  the  eoolingi 
of  a  hot  solution  it  retains  only  two  equivalents  of  water**  Butyrate 
of  zinc  crystallizes  in  pearly  tables,  which  when  heated  to  21  a°  fuse 
and  then  lose  part  of  their  acid,  after  which  a  portion  of  the  salt 
undergoes  sublimation  in  tlie  anhydrous  form.  With /*^fff/,  bntyri 
acid  forms  two  salts,  one  of  which  is  neutral,  while  the  other  coc 
tains  three  equivalents  of  base.  The  butyratcs  of  ^boaide 
meratry  aud   of  sitver  ai'e  sparingly  soluble  ;   they  crygtallize  in 


passes  ^j 
}fdrid€^^ 

parts  H 


use 

I 


•  On  one  ocuftflion  I  ohUined  it  cryBtnlIiiscd  ia  anhydrous  square  tabic*,  pr 
BCDtin^  tlie  appf  arauro  of  the  eipiare  base  of  tlic  oclohedrou.     They  wcp 
houevt^r,  in  reality  naiieled   ervHtals  fornjcd  by   tlie  junction  of  two  nem' 
nHtnn*,niIar  rhoiiibie  tiihlea*     la  other  cases  the  salt  formB  fibrous  crjfli 
i^hicli  are  also  anliydrouB. 
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hrilliant  plates.  But  the  most  characteristic  salt  of  butyric  acid  is 
the  bulyrate  of  lime,  which  forms  fusible  colourless  needles,  which 
are  rendered  anhydrous  by  a  temperature  of  284° :  this  salt  is  much 
less  soluble  in  boiling  water  than  it  is  at  ordinary  temperatures, 
and  when  its  aqueous  solution  is  boiled,  a  large  proportion  of  the 
salt  is  precipitated,  and  is  redissolved  as  the  liquid  cools.  Chlorine 
acts  readily  upon  butyric  acid  in  the  sunlight,  and  forms  two 
substitution  acids  which  are  analogous  to  butyric  acid,  and  which 
yield  corresponding  monobasic  salts ;  these  acids  are  : — 

Bichlorobutyric     ....     HO,  CsHgClaOa 
Quadrichlorobutyric    .     .      .     IIO,  CallgCl^Oj. 

Nitric  acid  converts  the  butyric  into  nitrobutyric  acid  (HO, 
CsHeNO^  O3.) 

But}'ric  acid  exists  ready  formed  in  certain  fruits,  and  it  is 
one  of  the  products  of  oxidation  of  azotiscd  matters,  such  as 
fibrin  or  casein,  when  treated  with  oxide  of  manganese  and  sul- 
phuric acid ;  it  is  also  obtained  amongst  the  results  of  the  action  of 
nitric  upon  oleic  acid.  All  substances  which  furnish  lactic  acid 
may  be  made  to  yield  the  butyric ;  and  it  is  frequently  developed 
during  the  fermentation  or  decay  of  many  mucilaginous  and  amy- 
laceous roots,  such  as  the  potato  and  the  mallow.  Butyric  acid 
may  be  obtained  at  pleasure  in  large  quantities,  by  the  following 
method  of  fermenting  sugar  discovered  by  Pelouze  and  Gelis 
(Ann.  de  Chimie,  III.  x.  434).  A  solution  of  41b.  of  sugar  in 
a  quantity  of  water  sufficient  to  form  a  sohition  of  sp.  gr.  1*070,  is 
mixed  with  a  quantity  of  poor  cheese,  which  in  its  dry  state  would 
contain  casein  to  the  extent  of  one-eighth  of  the  weight  of  the 
sugar  used,  and  2lb.  of  chalk ;  the  whole  is  then  exposed  for  some 
weeks  to  a  temperature  ranging  between  80°  and  90®  F.  The 
liquid  speedily  becomes  ropy,  lactic  acid  is  formed  abundantly,  and 
combines  with  the  lime,  but  the  lactate  of  lime  in  turn  undergoes 
decomposition ;  when  this  second  reaction  commences,  a  mixture  of 
carbonic  acid  and  hydrogen  escapes  from  the  fermenting  mass, 
and  butyrate  of  lime  is  formed  in  abundance.  This  reaction  is 
explained  by  the  following  equation : — 

Lftctic  Acid.  Butyric  Acid. 

2HO,C„H,oO;o    =    HO,G,H/^    +     4  CO,    +    4H. 
(1165)  Propionic, "^  Propylic,  Met  acetic,  or  Metacetonic  Acid 
(HO,  CeHgOj). — This  acid  is  formed  in  a   variety  of  ways;    for 


*  From  np&TO£  first,  vimv  fat,  because  the  first  or  simplest  La  the  series 
of  the  true  fatty  aoids. 
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example — it  is  one  of  the  products  of  tlie  oxidation  of  oleic  aciil  j  and 
it  is  ako  obtained  by  tlic  action  of  potash  upon  hydrocyanic  ether. 
In  the  latter  casCj  ammonia  is  liberated  and  propionate  of  potash 
is  formed  : — 

Oj»i>ide  of  Ethyl,  Propionmlfi  of  Potwtu 

a  concentrated  alcoholic  solution  of  potash  is  to  'he  heated  in 
a  tubulated  retort,  and  cyanide  of  ethyl  added  drop  by  drop  ;  the 
distillate  is  to  be  returned  into  the  retort  until  the  odour  of  cyanide 
of  ethyl  has  disappeared  :  the  residue  of  propionate  of  potash,  when 
distdled  with  syrupy  phosphoric  aeidj  yields  pure  propionic  acid. 

Strecker  has  likewise  observed  the  formation  of  this  acid  by  the 
fermentation  of  a  mixture  of  lactate  of  lime  and  mannite,  which  had 
been  set  aside  with  the  view  of  proeuiing  butyric  acid.  Crude 
tartrate  of  lime  in  warm  weather  frequently  undergoes  a  species  of 
fermentation,  and  furnishes  propionic  acid.  Ttie  acid  is  also  pro 
doccd  during  the  fermentation  of  glycerin  (1147).  Metaee 
tone  (CgHijO;  924)  when  oxidized  with  a  mixture  of  bichro- 
mate  of  potash  and  sulpliurie  acid,  also  yields  the  acid,  and 
it  derived  ita  name  of  nietacetonic  acid  from  this  circumstance. 
Propionic  acid,  when  prepared  from  these  sources,  is  liable  to  be 
contaminated  with  acetic  and  other  acids  homologous  with  the 
acetic.  Tiiesc  may  be  removed  by  saturating  tlie  distilled  liquid 
with  carbonate  of  soda,  and  evaporating:!:  to  the  crystalhziug  jwint ; 
the  acetate  of  soda  crystallizes  out,  whilst  the  propionate  iTmaina 
in  the  mother  liquor,  from  which  propionic  acid  may  be  pro- 
cured by  distillation  with  sidphuric  acid. 

Hydra  ted  propionic  acid  (IIO,  C^HgOa)  crystallizes  in  plates 
which  melt  on  the  application  of  a  gentle  heatj  at  a  temperature 
of  284°  it  boils  and  may  be  distilled  :  it  has  a  powerfully  acid  taste, 
and  a  pungent  odom'  which  is  intermediate  between  that  of  butyric 
and  of  acrylic  acids.  Propionic  acid  is  largely  soluble  in  water,  bui 
when  this  liquid  is  saturated  with  it,  the  excess  of  the  acid  floats 
like  an  oil  upon  the  surface. 

Most  of  the  propionates  are  soluble  and  crystallizable.  The 
propionates  of  potash  and  of  soda  arc  deliquescent.  Propionate  of 
lime  is  efliorcseent,  but  very  soluble.  Propionate  of  baryta  is  auhy* 
drous,  and  very  soluble ;  it  cr^^stallizes  in  prisms,  which  when  thrown 
into  water  are  dissolved  with  a  gyratory  motion*  Propionate  of 
copper  (CuO,  C^IIgO^,  Aq)  crystallizes  in  oblique  prisms,  which  are 
readily  soluble  in  alcohol,  but  very  sliglitly  so  in  water.  Propionate 
qf  silver  ijs  anliydrous,  and  leas  soluble  than  the  acetate ;  it  crystal- 
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Hzes  in  tufts  of  sliort  needles,  and  blackens  by  exposure  to  light ; 
L-     but  the  acetate  aod  tlie  propionate  of  silver  cannot  Ix?  separated  by 
Lcrystallization,  for  they  unite  and  form  a  double  salt,   which  is 
Icleposited  from  a  hot  solution  in  brilliant  dendritic  needles. 


A  nUrQ'propiomc  add,  HOj  C<,^^*fOj,  may  be  obtained 


as  a 


heavy  ycllowj  s|mrittgly  sohtble  oil,  by  treating  butyrone,  Cj^Hj^Oj, 
[with  nitric  acid*      Its  salts  detoniite  feebly  when  heated* 


daring    the    destructive 

The    wood    ia    iis>iially 

cases,    by  which    means 

witbont   loss,    while   tbe 


(1166)  Acetic   Acid    (HO,  C4H3O3) — This  acid    was   one  of 
[the  earliest  known  of  tbe  organic  acids,  and  it  is  one  of  the  most 
important.     In  a  dilute   form,    mixed   with  various   itn purities  of 
vegetable  origin,  it  constitutes  ordinary  vinegar,  which  liU'cly  con- 
tains more  than  5  per  cent,  of  ihe  auhydrouji  acid. 

Frtparation, — Tlie  existence  of  acetic  acid  in  the  juices  of 
[plants  has  not  l>een  satisfactorily  proved,  but  it  is  formed  aitili- 
i  cially  in  a  variety  of  processes* 

I*  A  large  quantity  is  furnished 
distillation  of  wood  in  irou  retorts, 
placed  in  these  retorts  in  loose  iron 
the  charge  can  be  rapitlly  introduced 
retort  is  still  hot,  and  tbe  charcoal  can  be  witlidrawu  wlien  the  dis* 
tillation  is  complete.  The  harder  kinds  of  wood,  particularly  the 
ash  and  beech ^  are  tho!^  which  yield  it  most  ahundantly  :  the  crude 
acid  thus  obtained  is  called  in  the  artw,  pyroUgneom  acid,  A  large 
quantity  of  tarry  matter  comes  over  during  the  o|>eration,  accom^ 
panied  also  by  volatile  and  inflammable  bodies,  among  which  wood- 
spirit  and  acetone  prc<lominate.  These  bodies  are  condensed  in 
suitable  receivers,  whilst  a  considerable  quantity  of  combustible 
gases,  including  Ijydrogen  and  marsh  gas,  arc  directed  into  the 
furnace,  where  they  serve  as  fuel,  and  aid  in  heating  the  retorts. 
As  soon  as  the  gases  cease  to  escape,  the  loose  ii'on  cylinders  con- 
taining the  wood  are  withdmwn,  and  iamicdratcly  closed  with  an 
air-tight  cover,  so  as  to  allow  the  charcoal  to  cool  excluded  fmm 
the  atmosphere.  The  crude  acid  liquid  which  has  been  collected 
in  the  condenser  is  decanted  from  the  tar,  and,  when  submitted  to 
distillation,  fmniishes  u^itod  naphtha,  which  constitutes  tbe  more 
TolatUc  |X)rtions;  afterwards  tbe  acetic  acid  is  collected;  the 
latter,  however,  is  always  accompanied  by  tarry  matters ;  in 
order  to  get  rid  of  these,  the  hquid  is  neutralized  by  the  addi- 
tion of  carbonate  of  lime,  or  carbonate  of  soda,  and  the  crude 
acetate  thus  obtained  is  cautiously  roasted  at  a  gentle  heat  to  expel 


the  tarry  matters,  and  is  afterwards  recrystalUzed  and  sulimilta 
to  distillation  with  sulphuric  or  with  hydrochloric  acid.  Tie 
greater  |>art  of  the  acetic  acid  employed  in  the  arts  in  this  coiititr; 
is  obtained  by  this  niethml.  M.  iloilerat,  taking  ad  van  tsige  of  tk 
insohibility  of  sulphate  of  so<la  in  acetic  acid,  obtains  a  nvnAj 
pure  acid  at  onee,  by  allowing  sulphuric  ficid  to  flow  into  a  dctj 
vesi^el  containing  the  acetate  of  mxla,  in  the  proj>ortion  of  j^lb-j"" 
361b*  of  oil  of  vitriol  for  every  loolb*  of  acetate  of  soda, 
sulphuric  acid  is  caused  to  flow  quietly  under  tlie  salt  witb 
mixing  with  it,  in  order  that  the  heat  develo[jed  by  the 
shall  be  veiy  moderate;  the  niaterials  are  then  slovrly  mixed,  1 
after  standing  for  a  few  hours  the  decomposition  is  complete  j  the 
conti'uts  of  tlie  vessels  gradually  separate  into  tHo  la  vers,  At 
upper  one  coutainiug  the  concentrated  acetic  acid,  and  the  loi 

■  one  consisting  of  sulpliate  of  soda*  The  acetic  acid  is  drawn 
^unitfa  a  syphoUj  and  is  afterwards  rendered  perfectly  pure 
V&tillatiou« 

■  a.  In  countries  where   alcohol   is   cheap,  and    particalarly 
Germany,  dihite  acetic  acid  is   prepared  on   a  large    i?cale    by 
oxidation  of  alcohol  in   the  manner  already  described    (972), 
diluted  spirit  being  made  to  trickle  slowly  aver  a  large  surface  I 

»wood  shaving?!  containetl  iu  vats  of  suitable  construction, 
(1J67)  3,  nV/r^tfr,— The  vinegar  which  is   most   esteemed 
culinai'v  purposes  is  that  prepared  from  wine;  it  is  extensirely  niaat 
facturcfl  iu  France,  from  the  acescent  varieties  of  wine.     ITie  wit 
is  introduced  into  large  casks  capuble  of  containing  alxiut  100  gralba 

■  each  :  they  are  arranged  in  rows  in  a  shed,  the  temperature  of  whic 
is  kej>t  at  from  75°  to  85^.  Tlie  upper  part  of  these  casks  is  paf 
tially  opeu  to  allow  tlie  access  of  air.  A  certain  quantity  of  go 
vinegar  at  a  hoiihig  temperature  is  then  placed  in  each  cask, 
every  eight  days  a  few  {gallons  of  fresh  %vine  are  added  until  tU 
ea^^ks  arc  about  two-tliirtls  ftdL  In  al>out  a  fortnight  the  acidi- 
fication is  complete,  a  few  gallons  of  the  vinegar  are  then  drawn 
off  from  each  cask,  and  the  vessels  are  again  filled  up  to  the  same 
extent  with  a  iredi  quantity  of  the  wine  to  be  acidified.  It  is  found 
that  this  process  takes  place  much  less  rapidly  in  new  casks 
in  those  wliich  have  been  used  for  this  purpose  for  some  time. 
quantity  of  a  gelatinous  conferva  becomes  developed  in  them,  and 
this  substance,  which  has  received  tlie  name  of  mother  of  mnr^r^ 
favours  the  absorption  of  oxygen  by  the  alcohol,  in  a  manner  wl 
ia  supposed  to  be  somewhat  analogous  to  that  iu  which  platiut 
black  acts  under  similar  circumstances  (859). 
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The  following  metliod  of  preparing  vinegar,  contrived  by 
Boerhaave,    is   still  practised    extcuaively : — Two   large   vats    are 

.  ^ach  provided  with  a  fake  Ixtttom  supported  at  a  height  of  aliout 
a   fot)t   above   the   floor  of  the  vessel.      Each  vat    is   filled  with 

[vine  cutting:^  and  rape^,  or  the  foot  stalks  and  &kiiis  of  grapes} 

'the  vats  are  then  charged  with  wine^  one  of  them  being  completely 
filled;  and  the  other  only  ludf  fillL^iL      In  this  sitate  the  two  vessels 

fare  left  for  at  least  twenty-four  hours  at  a  temperature  of  7 j"".  At 
the  expiration  of  this  time  the  vat  which  had  been  left  only  half 
full  is  filled  up  from  the  full  one,  and  thus  every  twenty-four  hours 

I  a  portion  of  the  wine  is  transferred  alternately  from  one  vat  to  the 
other*  The  acetification  goes  on  most  rapidly  in  the  vat  which  i» 
oidy  half  full,  and  in  this  a  sensible  elevation  of  temperature  may 

I  be  perceived  after  the  first  three  or  four  days,  but  it  should  not  bo 
allowed  to  rise  beyond  8o^  The  process  rerpiires  from  a  fortnight 
to  tlirce  weeks  for  its  eompletion,  m^euriling  to  the  tcra|>erature  of 

^  the  atmosphere  at  the  time.  The  vinegar  is  finally  drawn  off  into 
settling  casks,  and  when  clear  is  fit  for  use. 

4*  Infusion  of  mult,  weak  solutions  of  sugar,  and  even  mixtures 
of  starch  with  yeast,  furnish  very  good  \inegar.  Malt  vinegar  is 
the  principal  variety  of  vinegar  employed  for  domestic  pur^josea 
in  England.  According  to  Ure,  a  good  vinegar  for  di>mcstic 
purpose  may  be  prepared  by  adding  to  each  gallon  of  a  syrup 
composed  of  i^ll),  of  suj^ar  and  i  gallon  of  water,  a  qnartcr  of 
a  pmt  of  yeast.  If  kept  for  three  days  at  a  temperature  of  75"  or 
80°,  it  will  be  sufficiently  acidified  to  allow  of  being  drawn  off  into 
the  ripening  cask,  where  i  ounce  of  bruised  raisins  and  i  ounce  of 
vmAii  tartar  are  to  he  added  to  each  gallon  of  iiijiior.  When  the 
sweet  taste  has  quite  dii^appeared  it  should  be  drawn  oflf  into 
bottles  and  corked  down  tightly;  it  is  stated  that  such  vinegar 
will  contain  5  per  cent,  of  pure  acetic  acid.  In  all  cases  where 
vinegar  is  formed  by  the  oxidation  of  alcohol,  it  is  necessary  to 
favour  the  absorption  of  oxygen  and  the  process  of  acetification  by 
the  presence  of  yeast,  or  of  some  albuminous  matter  such  as  is 
naturally  contained  in  stdution  in  the  juices  of  plants  or  in  vege- 
table infusions  made  at  ordinary  temperatures.  A  pure  dilute 
solution  of  alcohol  is  not  susceptible  of  aeiditicatiou  by  exposure  to 
the  air. 

Vinegar  prepared  by  the  foregoing  mcth<jds  from  fermented  or 
fermentable  liquors  contains  a  large  quantity  of  foreign  raatt^rs^ 
from  nearly  all  of  which  it  may  be  freed  by  simple  distillation  : 
the   acid  liquid   wliich   comes  over  constitutes  w'hat  is  known  i^ 
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&d  dhiifkd  vinegar.  The  stren^li  of  any  vinegar  is 
•acertaioed  by  determining  the  quaatity  of  anhydpou^  car- 
of  soda  which  a  given  weight  of  it  will  neutralize :  loo 
'graing  of  carbonate  of  soda  corresponding  to  96*2  grains  of  the 
anhydrous  acid.  Care  must  be  taken  to  ascertain  the  absence  of 
sulphuric  or  of  any  other  acid  when  operating  in  this  way.  Com- 
mercial \dne^ar  is  allowed  by  law  to  contain  T7rV<rth  of  its  weight 
of  sulphuric  acid  j  the  presence  of  which  prevents  the  vinegar 
from  becoming  moiddy. 

Monohydratcd  acetic  acid  is  best  procured  in  a  pure  form  by 
distilling  acetate  of  soda  witli  sul|»huric  acid,  diluted  with  one- 
fourth  of  its  weight  of  wator.  Eitlier  binacetate  of  potash  or 
acetate  of  cojiper^  when  subniittod  to  distillation  without  any 
addition,  also  furnishes  the  concentrated  acid  with  facility. 

( I  1 68)  Froper/ie»  of  Acetic  .4r(rf,^^^Normal  acetic  acid 
{HO^  CilljO;^  »/h  gr,  1-063  at  62°)  m  liquid  at  temperatures  above 
55*  F.,  at  which  temperature  it  crystallizes  in  radiating  tufts 
of  plates.  It  may  bo  mingled  in  all  proportions  with  water, 
and  its  density  infreases  on  dilution,  until  it  contains  three 
equivalents  of  water,  when  its  density  is  1*079,  ^f  ^^  ^^  further 
diluted,  the  density  diminishes  acconling  to  the  ordinary  law*  In 
consequence  of  this  anomaly,  monohydratcd  acetic  acid,and  the  same 
acid  diluted  with  an  equal  weight  of  water,  possess  each  the  sp,  gr* 
1*063.  The  cnncetitratcd  aeid  has  a  sharp  aromatic  taste,  and 
peculiar  pungent  odour ;  it  hlisterH  the  skin  if  applied  to  it  for 
sufficient  length  of  time.  It  boils  at  243*^,  and  may  be  distilled 
unelmnged.  The  vapour  of  this  acid  is  inflammable^  producmg 
by  its  eunibustion  water  and  eurbonic  acid.  The  vapour  of  acetic 
acid  exhibits  an  anomalous  dilatation  when  exposed  to  a  gmdually 
rising  temperature: — 


At  6if  the  density  is  3*95 
At  357*'    „        „       „  3a 
At  320^    „        „       „  2*48 


At  392^  the  density  is  2*22 
At  446°    „        „       „  2  09 

At  460^     ,,         „         „   2*08  ; 


and  beyond  this  it  undergoes  no  furtlier  alteration  until  the  acid 
is  itself  decomposed.  At  446°  and  upwanls,  1  equivalent  of  the 
acid  follows  the  usual  law  of  yielding  4  volumes  of  vajjoiu*  (Biucau)* 
Acetic  anhydride  (C^H^O.^^  C  Jl^Clj)  Sp,  gr,  of  Ht/md  at  69'', 
^*^73  ;  ofrapour  3*47. — This  compound  was  obtained  by  Gerhardt 
by  several  methotls  ;  but  the  easiest  consists  in  distilling  three  parts 
*»  oxyehloritle  of  pliosphorns  witli  eiglit  of  auhydrous  acetate  of 
|Hitns!i,  returning  the  liquid  which  posses  over  upon  the  residue 
*wd  rc<-listillijig,  until  the  odour  of  the  chloride  has  disappeared; 
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l-finally  the  liquid  is  r<?ctiiiccL     Wlien  pyre  it  boil»  at  279'\5,  and 
a  colourless,  very  mobile  liquid  of  high  refracting  power;  it  pos- 
a  very  pungent  smell,  resembling  that  of  acetio  acid,  com- 
bined with   that  of  the   hawthorn  hlossom*      It   emits  a  vapour 
whieh  h  extremely  irritating  to  the  eye«.    Acetic  anhydride  does  not 
mix  immediately  with  water,  hut  sinks   through   it  in  oily  drops, 
rhieh   become  sJowly   dissolved,  evolving  heat,  and  forming  the 

^ordinary  hydrated  acid,  Thia  anhydride  gradually  absorbs  mois- 
ture from  the  air,  and  beeome?ii  coiivert4.'d  into  iiydrated  acetic  acid. 
Potassium  acts  rapidly  upon  it,  an  inflammable  gas  being  giveu 
off,  and  the  compound  being  by  degrees  converted  into  a  crystalline 
mass  of  anhydrous  binaeetate  of  potash  [  (KO,  2  C^H^Oji)  ].  Tlie 
same  compound  is  also  formed  by  dissolving  dry  acetate  of  potash 
in  the  anhydride. 

(1161;)  Acetaies. — Acetic  acid  ib  monobasic.  Many  of  its  salts  are 
largely  used  in  the  arts.  Acetate  of  Potash,  which  is  employed  medi- 
cinally as  a  diuretic,  is  an  anhydrous,  foliated,  very  deliqueseentj 
fusible  salt,  abundantly  soluble  in  alcohol.  It  combines  with  a 
second  equivalent  of  acetic  acid  when  dissolved  in  the  concentrated 
acid,  and  forms  a  crystallizable  binaeetate,  wliicli  wheu  subjected  to 
distillation  is  decomjiosed  into  pure  monohydruted  acetic  acid 
and  neutral  acetate  of  potash.  Acetate  of  Soda  (^^0^  C.iH:j03>  6Aq) 
crystallizes  in  oblique  rhombic  prisms :  it  fuses  readily.  This 
salt  is  prepared  in  large  qnantidcs  during  the  puritication  of 
wood- vinegar,  the  crude  acid  being  neutralized  sometimes  directly 
by  means  of  carbonate  of  soda»  or  soda  ash ;  but  in  many  manu- 
factories, after  the  crude  acid  has  been  neutralized  by  chalk  and 
thiis  converted  into  acetate  of  lime,  the  liquid  ia  mixed  with 
sulphate  of  soda  in  the  proportion  of  two  equivalents  of  the  sul- 
pliate  to  one  of  the  acetate.  A  soluble  acetute  of  soda  is  thua 
obtained  by  double  decom[K>sition,  whilst  a  heavy  crystalline 
double  sulphate  of  lime  and  soda  is  formed,  whieh  can  be  more 
easily  freed  from  the  mother  lj(iuor  than  the  pasty  mass  which 
the  simple  sulphate  of  lime  would  produce.  Acetute  0/  Ammonia 
is  a  very  soluble  salt,  which  is  frequently  used  medicinally  as  a 
diaphoretic.  Acetate  of  Baryta  crystallizes  below  60''  witli  three 
equivalents  of  water,  iu  oblique  rlioiubic  prisms ;  at  higher  tempe- 
ratures  its  crystals  assume  the  form  of  flattened  prisms,  and  I'ctain 
only  one  equivalent  of  water  :  it  is  tju>rc  soluble  in  cold  than 
in  hot  water,  und  is  slightly  soluble  iti  alcohol ;  it  i»  occat^ionally 
used  as  a  precipitant  for  sulphuric  acid  ;  when  distilled  it  furuinhes 

I  acetone.      Acetate  of  Lime  crystallizes  in  silky  needles,  which  are 
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pharmacy  aa  distilled  vinegar.     The  strcngtb    of  any  tiii^ 
best  ascertained  by  determining  the  quantity  of  atihytlraiii  W^ 
bonate  of  soda  which  a  given  weight   of  it    will   neutralise :  too 
grains  of  carbonate   of  soda  eonrei5 ponding  ta  96-2  grains  of  t 
anhydrous  acid.      Care  must  be  taken  to  ascertain  the  absence 
sulphuric  or  of  any  other  acid  when  operating  in  this  way. 
mercial  vinegar  is  allowed  by  law  to  contain  T*rircrth  of  it»  wri^ 
of  sulphuric  acid ;  the  presence  of  which   prereiits   the  noeg^^ 
from  becoming  mouldy. 

Monohydrated  acetic  acid  is  best  procured  in  a  pure  form  ty 
distilling  acetate  of  soda  with  sulphuric  acid^  diluted  with  ones- 
fourth  of  its  weight  of  water.  Either  binacetate  of  potiL**h  m 
acetate  of  copper,  when  siibmitted  to  distillation  without  auf 
addition,  also  furnishes  the  concentrated  acid  with  facilily. 

(1168)    Properties    of   Acetic    Acid. — Normal     acetic    arid 
(HO,  C4H3O3  sp,  gr.  ro6^  at  62*^}  is  liquid  at  temperature  above 
55®  P.,   at   which  temperature  it   crystallize  in    radiating  liift* 
of  plates.     It  may  be  mingled   in   all   propoilions  with   wnter^ 
and    its   density   increases    on    dilution*   imtil    it   contaiits   ttitc 
equivalents  of  water,  when  its  density  is  voj^.      If  it  be  ftirthef 
diluted,  the  density  diminishes  according  to  tlie  ordmary  law.    la 
consequence  of  this  anomaly,  monohydrated  acetic  acid^and  the^iae 
acid  diluted  with  an  equal  weight  of  watcr^  possess  each  the  s^.  gr.  j 
1*063.     The  concentrated  acid  has  a  sharp  aromatic  tmst^^  aniilfl 
peculiar  pungent  odour ;  it   blisters  the  skin  if  applied  to  it  fat  1^ 
sufficient  length  of  time.      It  boils  at  243 °j  and   may  be  distillri 
unchanged.     The  vapour  of  this  acid  is  inllammahle^  produeni 
by  its  combustion  water  and  carbonic  acid.      The  Tapour  of  acel 
acid  exhibits  an  anomalous  dilatation  when  expo^d  to  a  gr&di 
rising  temperature: — 


At  392^  the  density  ii  5 
At  446^    „        ,,       „  a-09 
At  460^    ,^        „       „  308 1 


At  69°  the  density  is  3-95 

At  257°    „        „       „  33 

At  320°    „        „       „  2-48 
and  beyond  this  it  undei^oes  no  farther  alteration  until  the 
is  itself  decomposed.     At  446"*  and  upwartls,  i   equivalent  of 
acid  follows  the  usual  law  of  yielding  4  volumegiof  vapour  (flinefitf 

Acetic  anhydride  {C^ll2p^f  C^HgO^)  Sp.  gr.   of  liquid  at  5 
1*073;  of  vapour  y^T, — This  compound  was  obtaiuc^d  by  Gcdm 
by  several  methods ;  but  the  easiest  consists  in  ifi 
ef  Uychloride  of  phosphorus  with  eight  of  aid 
jpotalli,  returning  the  liquid  which  passes  over  '■ 
mid        istilling,  until  the  odour  of  the  chloride 
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exposure  to  the  air  these  crystals  become  covered  with  an  efflores- 
cence composed  of  diacetate  of  copper.  If  the  acetate  be  crystal- 
lized from  an  acid  solution  beloiir  40°^  a  blue  salt  is  obtained  with  5 
equivalents  of  water. 

The  diacetate  of  copper,  or  verdigris  (2  CuO,  C^H.^O^,  6  Aq). — 
For  commercial  purposes  this  compound  is  prepared  by  exposing 
sheets  of  copper  piled  up,  with  alternate  layers  of  the  fermenting 
bosks  of  raisins :  after  a  lapse  of  some  weeks  the  plates  of  copper 
become  covered  with  a  crust  of  the  salt ;  this  is  detached^  made 
into  a  thick  paste  with  ^inegar^  and  pressed  into  moulds.  The 
mass  thus  obtained  is  of  a  bluish  g^reen  colour,  it  is  tough  nnd 
is  reduced  to  powder  with  difficulty.  In  this  mode  of  preparing 
the  saltj  the  alcohol  contained  in  the  grape  skins  becomes  slowly 
oxidized  and  converted  into  acetic  acid  ;  the  metal  also  absorbs 
oxygen  gratlually  from  the  air ;  and  the  oxide  thus  formed  com- 
bines with  the  acetic  acid, 

I  Verdigris^   when   treated    with   water,  is  decomposed  into  an 

insoluble  tribanc  acetaie  of  copper,  and  a  soluble  mbseMjumcetaie 
(jCuQ,  aCjHjjO^,  6Aq)  :  the  latter  salt  may  be  obtained  iu  crystals 
on  evaporating  the  solution. 

The  tribaslc  acetaie  is  the  most  stable  of  the  acetates  of  copper  ; 
it  assumes  the  form  either  of  bluish  grey  needles,  or  of  a  green 
crystalline  powder:  when  heated  to  213°  it  becomes  anhydrous. 

The  neutral  acetate  of  copper  unites  with  the  arsenite  of  this 
metal,  forming  Schweinfurth  tjreen^  CuO,  C\n^O.^+  3  (CuO,  AsOJ. 
It  may  be  obtained  by  mingling  boiling  solutioua  of  equal  weights 
of  arseuious  acid  and  acetate  of  copper,  aod  adding  to  the  mixture 
an  equal  bulk  of  cold  w^ater  :  if  it  be  allowed  to  stand  for  some 
days  a  beautiful  crystalline  green  pigment  is  produced* 

The  suhacetate  of  mercury  (Hg^O,  C^H^Oy)  is  the  least  soluble 
of  the  acetates ;  it  is  dissolved  readily  by  boiling  water,  but  it  is 
partially  decomposed  by  ebullition  of  the  solution,  and  converted 
pinto  a  mixture  of  metallic  mercury  and  a  sparingly  soluble  basic 
acetate*  The  ^ubacetate  crystallizes  in  anliydrous  silvery  scales, 
which  are  quickly  blackened  by  exposure  to  light. 

Acetate  of  silver  is  occasionally  employed  as  a  reagent ;  it  is 
sparingly  soluble  in  cold  water,  but  is  readily  dissolved  by  hot 
water,  which  on  cooling  deposits  it  in  thin,  flexible,  anhydrous, 
silky  needles.  It  is  readily  obtained  by  mixing  a  concentrated 
solution  of  nitrate  of  silver  with  a  solution  of  acetate  of  potasli, 
or  of  soda. 

(1169  &f>)  The  acetates  are  distinguished  by  the  pungent  odoia: 
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cttJjOE.u.'Ttic  A^i>  TmcHi.aKArmc 


moA  whidi  tbef  emit  wbcn 


wiib  solpbwric  addL 


mkmk  heatiitl  with  Ume  they  yield  aeetene  (1096)^  which  has  a 
yvaiiAC  and  chomdKZBtur  cMicntr ;  when  dialSed  with  hydrate  of 
fOteflk  they  yteU  Kght  carlwsetted  hydrqigmi^  and  iipoa  thta  t^ 
aL*tk»a  the  best  method  of  oUaining  mar»h  gaa  is  fcnmded  (401)* 

Cold  aolostiBM  of  Ae  aeetatei  give  with  sitnte  of  sobogude  of 
mmmsw^  &  liiniyifwlp  of  4e  aidtaceCace.  Another  chwactcr  m 
^bm  ibnmiiiMi  with  auda  of  feid  of  m  aoloUe  basic  sail,  with  ma 


tctedon  by  ddodna 

CMBneetie  acid 
Trichloracetic  add 


HO, 


meid. — ^Acedc  acid  when 
Bs  two  coaifoandB^  in  which  a  portioii  of 
by  chhwEB^  T&s — 

HO,C^CW 
Oygrocrlk  Aeid  (HO.C^HXIO,)  ia  a  ooloiirieaB  liquid  mliich 
baa  the  odour  of  acetic  add*  In  order  to  obtato  it,  gaaeoos  chlo- 
rine is  made  to  act  upon  hrdrated  acetic  acid,  diluted  with  half 
ita  vofame  of  water ;  taking  care  to  atoid  exposing  the  mixture  to 
the  aim's  raya.  The  gas  is  transmitted  outd  it  ceases  to  be 
abaorbed,  even  at  a  temperature  of  213* :  the  excess  of  chlorine  is 
then  removed  by  means  of  a  current  of  carbonic  acid  gas,  whilst  the 
liquid  is  still  maint^ned  at  the  boiling  point.  This  add  forms  defiuite 
salL<i,  in  wbichj  when  dilate^  a  solation  of  nitrate  of  stiver  ucca* 
sioTis  no  precipitate, 

Trtchhracetic  Acid  (HO,  C4CI3O3) ;  Sp,  ffr.  tf  ajwiah  1*617  : 
af  vapour  5*3. — ^This  acid  is  usually  prepared  by  exposing  glacial 
acetic  acid  in  large  bottles,  filled  with  gaseous  clilorine,  to  the 
action  of  the  sun  :  about  one  drachm  of  acetic  acid  should  be 
used  for  each  gallon  of  chlarine.  A  complicated  reaction  ensues, 
in  ^f  hich,  in  addition  to  the  trichloracetic  acid,  oxycliloridc  of  car- 
booj  and  carbonic  and  oxalic  acids  are  formed^  mixetl  with  an 
ethereal  com[x>und  which  contains  chlorine.  The  trichloracetic 
acid  is  deposited  ujxjn  the  sides  of  the  vessel  in  white  flocculi, 
^liich  are  very  deliquescent.  It  is  monobasic,  and  forms  soluble 
galU,  many  of  which  may  be  obtained  in  crystal* ;  the  chloracetates, 
when  heated,  are  decomposed  into  oxyeliloride  of  carbon  and 
carbonic  oxide,  leaving  a  residue  of  a  metallic  chloride.  For 
example ; — 

Chlof««rt,  PoUfth.  Ox7<rh)or.  Cfti-bom  C«rb,  Oxld», 

KoTcicI^Oj    =    Kci    +    2(coa)    +    Tea 


I 
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TricUoncctie  add  is  aha  producod  by  the  oxidation  of  clitoral 

'by  fuming  nitric  add;  C^HCl.A  +  O^  iKHHmiitig    (UO,  <\C'I;,C>J, 

and  this  is  one  of  the  best  modes  of  preparing  it,  niioe  tho  excfita 

^df  nitric  acid  is  easily  removed  by  di^tillatioiK     Aflrr  tint   nttrin 

has  been  expelled^  the  rej«.idiie  i»  clmHolvrd  in  writer,  and  i-ryii* 

I  taUixed  by  spontaneous  evai^orntion  over  sulphuric  Acid,  t»  vacuo, 

^Chloraeetic  add  is  formed  also  by  the  HimuhaneouH  mitioti  of  rido- 

and  water  on  protochloride  of  ear^MJU  ;  (V^l|    f-  4 IK)   4-  i\ 

=  3HCI  +  (HO,  C4CI3O3) :   it  nmy  likewise  he  proeiirod  by    the 

decocnpositioQ  of  perchloriiiated  viuic  ethers  by  water. 

The  roonohydrate  of  this  aeid  crystal lizesi  in  eohiurleM  rhoni- 
B  hohedra,  wliieh  are  fusible  at  IJ5**,  and  are  very  delitjuetoent ;  tho 
^^Md  has  a  slight  odour,  and  an  acrid  sour  taHt(%  It  bleacht?9 
^^^^  tongue,  and  if  applied  to  tlie  skin  rattles  !>li?«ters.  It  boilH  at 
Viibout  392*,  and  may  be  distilled  without  deconii>OAitionj  yielding 
V  a  sufibcating  vai>our. 
I  Trichloracetic  acid,  nvltcn  treated  with  nn  amalt^am  of  potas- 

■  sium^   yields   chloride  of  potassium,  and  aciitatc;  of  potash   is  re- 

■  produced  : — 

oTPoImIi. 


HO.C.Cl^Og  +  6K  +  4IIO  =  KO,CJl,(),  +  3KCl4-2(KO,nO), 

(1171)  Suiphaceiic  Acid  iiUO.C^n^S^O^)  =  (CJI^O^  S,0J. 
— Acetic  acid  combines  with  anhydrous  sidpluiric  acid  ami  fonns  a 
dibasic  acid,  which  may  be  ulitained  cry  stall  ized  in  dt^lii[ucscent 
needles  :  it  forms  cry  stall  izuble  salt**,  Tlic  solution  of  this  acid  is 
not  decomposed  by  ebnllitiou  :  it  gives  no  precipitate  with  salts  of 
lead  or  of  lime,  but  with  baryta  it  forms  a  crystalline  compound 
of  sparing  solul)ility.  The  eulphacetate  of  silver  crystallizes 
readily  in  long  flattened  prisms. 

(1172)  Thiacetlc  Acid  {C,\l,%p^  =  HS,  CJIaOaS).— Wlien 
monohydrated  acetic  acid  is  acted  upon  by  tho  tcrsulphide  of 
phospliorus  (PS.^),  or  the  pentasulphidc  (PSg),  a  colourless  li*|uid 
is  obtained  which  htis  a  mingled  odour  of  acetic  acid  and  sulpliurettcd 
hydrogen:  it  boils  at  about  200"",  and  is  miscible  with  water  in  all  pro- 
portions. It  has  an  acid  reaction  and  a  sour  taste  :  when  heated 
uj)on  gmnolated  zinc,  tlie  nictul  is  tliKHolved  witli  evidution  of 
hydrogen  ;  when  added  to  a  strong  Bolntion  i*f  a  soluble  «ult  of  lead, 
a  sparingly  soluble  monobasic  lead  salt  is  precipitated,  which  readily 
undergoes  decomposition^  even  when  dry ;  whiUt  Kulpliide  o{  lead 
ia  separated,  Thiuetiic  mihtfdndtr(C^{{.^0^)^^V,^l\^OJ:^)  isobtainiMl 
by  distilling  pentasulphide  ol'  phosphorus  with  acetic  anhydride. 
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colourless   oily  liquid,   which  lioils  at 


%  and  emits 

odour  Bitiiilar  to  that  of  its  hydrate.  It  is  heavier  than  water, 
which  gi'aduuUy  decomposes  it  into  a  mixture  of  hydrated  acetiq 
and  thiacetic  acids,     (Kekule,  Proceed,  Roy,  Soc,  voL  vii.  p.  37.) 

Tliljiie«tic  Anb3r«]nd«»  Acetic  Acid.  Tkufictiie  Ac^. 

This  oomix>iiud  is  only  one  of  a  scries  which  may  be  obtaine 

by  similar  means  from  other  acids  homologous  witli   the   acetic:] 
this  formic  acid  (IIS,  CgHCI^S)  has  also  been  obtaiued.     Tbiacetii 
acid  may  lie  regarded  as  ordinary  hydrated  acetic  acid  in  whic 
the  basic  water  has  been  displaced  by  suljihuretted   hydrogen;    at^ 
the  same  time  one  of  the  equivalents  of  oxygen  in  the  acid  it 
has  been  displaced  by  an  equivalent  of  sulphur  : — 

If  acetic  acid  be  represented  as     .     ,     .     C^H^Og^pi 

H      r^ 

Thiacetic  acid  would  be C^H^ 


This  confirms  the  view  of  Gerliardt  that  ttie  radicle  of  the 
volatile  fatty  acids  is  to  be  regarded  rather  as  (C^H^^iO,)  than  as 
(C^H,^i) ;  the  rathcle  of  acetic  acid  being  {C^H^fi.^)  instep  of 
(C^IIj),  for  hitherto  one  equivalent  only  out  of  the  three  of  oxygen 
present  has  lieeu  displaced  by  chlorine^  or  by  sulphur ;  acetic 
oxychloride^  for  example,  being  C^H^OjCl  (1097). 

(1173)  Formic  Acid  (HO,  CaHOg)*  Sp.  gr.  of  liquid  i*%%2j 
at  ^2"";  of  vapour  2' 125, — This  acid  derives  its  name  fiDm 
the  circumstance  of  its  haviug  been  first  obtaiued  from  the 
formica  nifa^  or  red  aut^  which  wlien  irritated  ejects  an  acid, 
liquid :  the  same  acid  is  excreted  by  several  other  insects.  Ii 
is  also  found  in  a  free  state  in  the  leaves  of  the  stinging-nettle 
{uriica  urem].  Formic  acid^  however,  derives  its  importance 
from  the  variety  of  chemical  reactions  by  which  it  is  produced. 
It  is  a  frequent  prnduct  of  the  oxidation  of  organic  bodies;  those 
which  belong  to  the  amylaceous  group  yield  it  by  various  proee»ai 
of  oxidation ;  such  as  by  heating  them  with  liydrate  of  potash,  or, 
with  chromic  acid^  or  with  a  mixture  of  sulphuric  acid  and 
peroxide  of  mauganese.  Gelatin  and  the  albuminoid  Ixidies  also 
yield  it,  mixed  with  a  vm'iety  of  other  products,  when  they  are 
submitted  to  the  oxidizing  influeDce  of  chromic  acid, or  of  a  mixture 
of  sulphuric  acid  and  black  oxide  of  manganese* 

Preparation, — The  preparation  of  formic  acid  may  be  effected 
in  the  laboratory  in  se\  era!  ways. 
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PBEPAKAT10X    OP   rOBMIC    ACID.  -115 

1.  Berthelot  ba»  receotlT  succeeded  in  procuring  formio  acid 
by  acting  upon  moist  hydrate  of  potash  by  nicaim  of  carlKinic 
oxide ;  the  gas  becomes  slowly  absorbed  when  cxpocnod  in  coutai*t 
with  the  moistened  alkali  to  a  temperature  of  212^  : — 

KO,  HO    +    2CO   =    KO,  C^HCV 

Though  the  quantity  of  the  acid  obtained  in  this  romnrkablo 
reaction  is  comparatively  small,  yet  its  synthetic  production  iu 
this  manner  is  a  highly  interesting  circumstance. 

2.  Oxalic  acid,  when  mixed  with  an  e(|ual  bulk  of  sand  and 
distilled,  may  also  be  employed  as  a  source  of  formic  acid,  whiUt 
carbonic  acid  is  expelled  : — 

Oxmlic  Acid.  Formic  Acid. 


aHO,C\0,     =     IlCCyiO,     +     aC(V 

In  the  ordinary  mode  of  conducting  this  opcnition  n  liirjfo 
quantity  of  the  formic  acid  is  itself  decomiK)sc(l,  owing  to  the? 
high  temperature  required  to  effect  the  distillation  ;  water  and 
carbonic  oxide  being  the  result  of  its  dccomiK)siti()it : — 

HO,  C2IIO3    =    a  HO    -f-    a  (X). 

Berthelot  has,  however,  succeeded  in  nMidering  tluH  dcHroin- 
position  perfectly  manageable  in  the  following  nuiinuT:  — 

a  lb.  of  syrupy  glycerin,  and  4  or  5  ounci^  of  wutcr,  arc  \Ai\cvA 
in  a  retort  into  which  a  lb.  of  commercial  oxalic  a(!i<l  have  Iwcn 
introduced :  a  receiver  is  then  adapted  to  tlie  retort  and  the  tem- 
perature is  gradually  raised  to  31  a"  or  a20°.  Ih'wk  (ifrervese<Mice 
soon  ensues  owing  to  the  escape  of  pure  carl)onic  acid :  in  alK)ut 
fifteen  homrs  the  whole  of  the  oxalic  acid  is  dccom|HiHcd ;  a 
small  quantity  of  formic  acid  will  be  found  condciwcd  in  the  ns 
ceiver,  but  the  greater  portion  remains  in  the  retort.  A  pint  of 
water  is  next  added  to  the  contents  of  the  retort,  and  the  solution 
is  distilled,  addmg  fresh  water  as  fast  as  it  evaiM)rateH.  When 
a  gallon  and  a  half  or  two  gallons  of  water  luive  thus  been  dis- 
tilled, the  whole  of  the  formic  acid  will  have  piiHsi-d  ov(;r.  The 
glycerin  which  remains  in  the  retort  may  Ix;  employed  as  before 
to  decompose  a  fre^^li  portion  of  oxalic  acid,  and  the  same  series 
of  operations  may  be  rc|)catcd  with  the  same  (juantity  of  glycerin 
for  an  indefinite  number  of  times.  Crystallized  oxalic  acid  thus  fur- 
nishes more  than  a  third  of  its  weight  of  monohydratcd  formic  acid. 
This  is  the  best  and  most  productive  process  at  present  known 
for  the  preparation  of  formic  acid.  The  principal  precaution  re- 
quired is  not  to    allow  the  temperature  to  rise  too  high:  if  it 
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I  It  11  a  colotirless   oily  liquid^   which  boilt 

'lodour  similar  to  that  of  its  hydrate.      It   ia  , 

which  gnwlually  deeom poses  it  into  a  mixtui 

and  thiacetic  acids.     (KekulCj  Proceed,  Rot/,  i 

ThiaeHi^'  Anhjf  dndf>.  Ac«tie  Acid.  | 

(C,Hp,S,  CJf  A^)  +  2  110  =  (HO,  C^HjO 
This  coraijoiiiid  is  only  one  of  a  series  wl 
by  similar  nxcans  from  other  acids  homology 
this  formic  acid  (US,  CaHOj^S)  has  also  been  I 
acid  may  be  regarded  as  ordinary  liydrated 
the  basic  water  has  been  displaced  by  sulphui 
the  same  time  otic  of  the  equivalents  of  oxyj 
Las  been  displaced  by  an  equivalent  of  sulphv 

If  acetic  acid  be  represented  as    •     •     . 
Thiacetic  acid  would  be      .     •     , 


Tills  confirms  the  view  of  Gerhardt  thi 
volatile  fatty  acids  is  to   be  regarded  rather  aa 
(C.H„_i) ;  the  radicle   of   acetic   acid   being  ! 
(C^Hg),   for  hitherto  one  equivalent  only  out  of 
present  has  been   displaced   by  cldorine,   or 
oxychloridCj  for  example,  l>eing  C4H3O2CI  (loi 

(1173)  Formic  Acid  (HO,  CaHO,).  %! 
ai  32"*;  of  vapour  5*125* — This  acid  deri^ 
t!ic  cireumstaac?e  of  its  having  been  first 
fomticii  7*^ifa,  or  red  ant,  which  when  irril 
liquid  :  the  same  acid  is  excreted  by  several 
is  also  found  in  a  free  state  in  the  leaves  ctf 
(uriica  urem).  Formic  acid,  however,  deri 
from  the  variety  of  chemical  reactions  by  wl 
It  is  a  frequent  product  of  the  oxidation  of  oil 
M'hich  belong  to  the  amylaeeous  group  yield  it  I 
of  oxidation ;  such  as  by  heating  them  with  hi 
with  chromic  acid,  or  with  a  mixture  of, 
peroxide  of  manganese.  Gelatin  and  the  albl 
yield  it,  mixed  with  a  variety  of  other  produ 
submitted  to  the  oxidizing  influence  of  chromic 
of  sulphuric  acid  and  black  oxide  of  manganes 

Preparation — The  preparation  of  ibrmic  a^ 
in  the  laboratory  in  several  ways. 
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reach  360**  or  390*^  the  formic  acid  itself  is  decomposed,  and 
evolution  of  pure  carbonic  oxide  takes  place.  This  reaction  1 
he  taken  advantage  of  in  order  to  obtain  pure  oxide  of 
hy  means  of  oxalic  acid.  The  glvcerin  acts  in  some  mannir 
unknown  in  favouring  the  decomposition  of  oxalic  acid  at  a  lowcf 
temperature  than  ^vould  occur  if  heat  alone  were  employed  to 
effect  the  mctaraorphoais :  no  chemical  action,  so  far  as  is  m 
ascertained^  takes  place  between  the  glycerin  and  any  of  iht 
comi>ound8  concerned  in  tlic  reaction  [Ann,  de  Ckimie^  IIL  xl*i 
484).  A  solution  of  manuite  acts  upon  oxalic  acid  at  ai2^,  int 
manner  similar  to  one  of  glycerin. 

3.  Formic   acid  may  also    be  obtained  by  the  oxidation 
methylic  alcohol  under  the  influence  of  finely  divided  platinum; 


Wood  apfiHl, 


Formi*  Add, 


+     40=.     (HO^C^HOs)      +      a  HO, 


The  oxidation,  however,  is  very  liable  to  proceed  too  far,  water  1 
carbonic  acid  being  formed  in  large  quantity  : — 

no,  C^nOa    4-     20=    2CO3    +    2  HO. 

4,  The  method  which  has  generally  been  resorted  to  ftr 
the  preparation  of  formic  acid,  is  one  discovered  by  Dobereincr  und 
modified  by  Liebig.  This  consists  in  mixing  in  a  very  capac 
retort  i  part  of  starch,*  4  parts  of  dcutoxide  of  manganese,  audi 
of  water  ;  4  parts  of  sulphuric  acid  arc  tlien  added  by  degrees,  wh 
the  mixture  froths  up  to  8  or  jo  times  its  bulk,  from  the  abund 
extrication  of  carbonic  acid.  \Mien  tliis  has  ceased,  distillation  1 
proceeded  with,  and  an  impure^  dilute  formic  acid  distils  oxn> 
It  is  neutralized  by  carljonatc  of  leadj  and  the  formiate  is  pnriiied  If 
cr}^stallization.  When  this  salt  is  distilled  with  one  equivalents 
Bulphuric  acid,  the  pure  mouohydrated  formic  acid  passes  over. 

Properlies, — Mouohydrated  formic  acid  is  a  fuming  liquid  d^ 
an  imtating  odour.      It  is  extremely  corrosive,  and  occasions  vcsi^ 
cations  and    pain ftil  sores  if  dropped  upon  the  skin.     Below  32  it 
crystallizes  in  brilliant  scales,  and  boils  at  12 1'^'5,  yielding  an  ii 
mable  vapour  which  burns  with  a  blue  flame.      Formic  acid  yic 
two  definite  hydrates  with  water,  HO,  C-jHO^  and  HO,  CgHOj, 

flrrliardt    was   unsuccessful  in  his   attempts  to    procure 
anhydride  of  formic  acid* 


'hi!ta«ce».  such  bs  su^jrir,  chaC  hn»D,  sawdust*  tlHl 
•**"'*  Top  a  tart  k  in  tliia  operation  with  tnot«orl 
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— Foi*mic  acid  is  coiisidered  to  be  monobasic,  but 
biformiates  of  potash  and  soda  may  be  obtainetL  All  the  formiates 
are  soluble.  Formiate  of  soda  (NaO,  CallOa,  2  Aq)  assumes  the 
form  of  rhombic  prisma,  which  are  slightly  deliquescent.  For- 
miate  of  baryta  crystallizes  readily  in  brilliant  anhydrous  prisms* 
Formiate  of  had  requires  about  40  parts  of  cold  wat^r  for  solu- 
tion J  but  it  is  freely  soluble  in  hot  water,  from  whicli  it  crystal- 
lizes in  long  prismatic  anhydrous  needles.  If  a  current  of  sulphu- 
retted hydrogen  be  passed  over  this  salt,  while  it  is  gently  heated. 
in  a  long  tube,  sulphide  of  lead  is  formed^  and  a  mouohydrate  of 
the  acid  \^  liberated,  and  may  be  collected  in  a  suitable  receiver.  A 
soluble  tribasic  formiate  of  lead  may  also  be  obtained.  Fomdaie 
of  copper  (CnO,  C%n03,  4  Aq)  crystallize*  in  large  blue  rhomboidal 
prisms ;  it  forms  double  salts  with  the  formiates  of  baryta  and 
etrontia. 

Formic  acid  is  easily  reconverted  into  oxalic  acid.  If  a  mix- 
ture of  formiate  of  soda  and  hydrate  of  baryta  be  heated,  hydrogen 
is  evolved,  and  an  oxalate  of  one  of  the  bases  is  formed  j  2  equiva- 
lents of  formic  acid  contaioi ng  the  elements  of  i  equivalent  of 
oxalic  acid,  and  2  equivalents  of  hydrogen  :— 

^H  Fonmic  Add*  Oxilio  Add, 


I 


2(HO,C2H03)      =      2HO,  CA      +      Ha- 


I 


By  a  stronger  heat  the  oxalic  acid  is  decomposed,  and  carbonic 
acid  is  formed.  Cldorine  converts  formic  acid  entirely  into  hydro- 
chloric and  carbonic  acids.  Nitric  acid  and  other  oxidizing  agents 
convert  it  into  carbonic  acid  and  water.  Formic  acid  is  a  powerful 
reducing  agent^  the  free  acid  at  a  boiling  temperature  reduciog  the 
salts  of  sUvcr,  of  mercury,  of  gold,  and  of  platinum,  wliilst  pure 
carbonic  acid  is  evolved.  Its  reducing  action  upon  the  compounds 
of  platinum  may  sometimes  serve  as  an  indication  of  the  presence 
of  formic  acid  in  solution.  The  formiates  are  decomposed  by 
strong  sulphuric  acid  in  excess,  pure  cai*bonic  oxide  and  water 
being  the  sole  products;  lIO,C;jH03=2  COH-a  liO. 


{b)  Adds  of  the  Oleic  Series,  HO,  (C;.H^  O3. 

(1174)  The  acids  which  belong  to  this  group  have  been   less 
perfectly  studied  than  tliose  of  the  foregoing  one.      Oleic  acid  is 
H  the  most  important  member  of  this  series.     Owing  to  the  facility 
"  with  whicli  these  acids  absorb  oxygen,  and  the  difficulty  of  puri- 
fying them  from  the  results  of  this  oxidation  on  account  of  their 
CL>sition  to  crystallize,  the  investigation  of  these  compounds  is 
PART  nt.  £  £ 
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(1175)  It  will  not  be  necessary  to  describe  any  of  these  acids 
in  detail  except  tlie  oleic  : — 

1.  Erucic  add  is  extracted  fi*om  tlie  oil  of  the  white  and 
l}lack  mustard  seed,  and  from  colza  oil.  It  is  liquid  at  tempera- 
tures above  93**. 

a.  Dotffiic  acid  is  extracted  by  Scharling  from  the  oil  of  the 
Balmia  rostrata  (in  Banish^  Dugling),  a  species  of  sperm  whale. 
The  composition  of  this  oil  is  remarkable^  since  it  does  not  furnish 
glycerin  when  saponified,  but  a  compound,  HO,  C^ilI^aO,  which 
corresponds  in  com[)osition  to  lauric  alcohoL  The  oil  when  dis- 
tilled gives  no  acrolein,  showing  the  absence  of  glycerin* 

3.  Physetoleic  acid  was  obtained  from  the  oil  of  the  ordinary 
sperm  whale  {Phy^eier  macrocepkaius). 

4-  Morluffic  acid  is  the  liquid  acid  extracted  from  the  oil 
of  ben  {Moringa  aptera) ;  it  becomes  solid  at  32^  Oil  of  ben, 
from  its  indisposition  to  become  rancid,  has  been  used  as  the 
basis  of  Macassar  oil. 

5,  Angelic  acid  (HO,  Ci^HjOg)  is  met  with  in  the  root  of 
Tariotts  kinds  of  angelica  ;  it  is  also  produced  by  the  action  of 
hydrate  of  potash,  aided  by  a  gentle  heat,  upon  the  oxidized  prin- 
ciple in  the  essence  of  camomile ; — 

Em.  Ctmomild.  An|re]*t«iDf  Fotob. 

^ ^  ^ * ^ 

Ci,,H,Oa  +   KO,  HO  =  KO,  Ci^iH.Oa  +   3  H. 

This  acid  forms  large,  striated,  colourless  prisms,  wliicb  fuse  at 
113^;  it  boils  at  374^*,  and  may  be  distilled  without  under- 
going decomposition.  It  is  sparingly  soluble  in  cold  water,  but 
freely  so  in  boiling  water.  When  heated  with  hydrate  of  potash, 
it  is  decomposed  with  escape  of  hydrogen  into  acetate  and  pro- 
pionate of  potash,  in  accordance  with  the  general  mode  of  decom- 
position of  the  oleic  series.  From  its  high  fusing  point,  and  from 
the  possibility  of  distilling  it  without  decomposition,  it  is,  however, 
obvious  that  it  does  not  belong  to  the  oleic  series,  but  probably 
to  the  elaidic  group. 

5.  Acrglic  acid  (HO,  CuH^O^)  is  obtained  by  the  oxidation  of 
acrolein.  This  is  best  effected  by  digesting  acrolein  on  oxide  of 
silver  in  excess ;  the  pungent  smell  of  acrolein  disappears,  and 
acrylatc  of  silver  is  obtained  in  solution,  whilst  metallic  silver  is 
deposited,  and  water  is  eliminated : — 

Acrol  ein .  Acrylit*  of  Sttrer, 


C.H,0,HO   +  3AgO  =  AgO.CJIaO,  +   aAg  +  HO. 

£  K  2 
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If  tlie  acrrUte  of  silver  be  placed  in  a  bulb  tube,  ke]il  cool  by 

imaiersioii  iij  ice,  it  may  be  decomposed  br  transmitting  over  it  t 

Tcry  slow  curreut  of  sulpburctted  hydro^pen ;  sulphide  af  alTcr  is 

fanned,  in^hilst  faydrated  acrylic  acid  is  liberated;  the  latter  mar 

be  distilled  by  a  gentle  heat.     Acrj  lie  acid  has  an  agreeable  add 

odour  and  a  burning  taste.     It  requires  a  temperature   belov  32* 

to  firecxs  it.    Its  boiling  point  i»  abore  212'',  and  it  m^  be  dis- 

itllrd  undMaged.    All  its  salts  are  soluble:  the  salt  of  silver  k 

one  of  tlie  noat  cliaraetenstie  compounds  of  this  acid ;  it  oryalal- 

IJMa  m  ankydroos  stlken  needles,  which  much  resemble  the  acetate 

off  ailfcr  in  appearance;   it  b  sparingly  soluble  in  cold  water: 

boiling  water  deoonposes  it,  and  partially  reduces  the  silrer.    Acrr* 

late  of  silTcr  may  readily  be  iirmed  firom  the  crude  prodocts  of  the 

ffisttUataofli  of  oils ;  the  distfllate  is  rectified,  and  those  portions  which 

come  oirer  between  loo""  and  140^  are  collected  sepaiately ;  they  ate 

iwetafied  anew  from  chloride  of  calcium,  and  are  then  digested  on  an 

ascen  of  ojLide  of  silver,  returning  the  portions  which  distil^  until 

the  pun  gent  odour  of  acrolein  has  disappeared  :  water  is  next  adde<i| 

and  the  liquid  ia  distilled  to  carry  off  the  volatile  oils;  after  which 

tho  hoiliiifr  liquid   18  filtered  and  set  aside  in  a   dark   place  to 

crywtfillisce*     Aen/lale  of  soda  crystalliaGa  with  5  Aq  in  efflarcscent 

priwruj!    wliicli   arc  very   soluble*      Acrylate  of  baryta   does 

erywttilliza 


ji 


(1 1 76)  Oleic  Acii>  (HO,  C3(,H3j,Ojj). — ^The  isolation  of  this 
in  a  Btute  of  purity  is  a  matter  of  some  difficulty,  owing  to  its  teu- 
deiicy  to  combine  with  oxygen.  Oleic  acid  is  obtained  in  a  crude 
form  as  a  secondary  product  in  the  manufacture  of  stearin  ouidles. 
In  oixler  to  obtain  the  pure  acid,  Yarrentrapp  recommends  that 
almond  oil  be  sapoiiilied  with  potash  or  with  soda,  and  that  the  soap 
be  decomposed  with  hydrochloric  acid.  The  mixed  fatty  adds  ait 
then  to  be  digested  with  half  their  weight  of  finely  powdered  oxide 
of  lead.  On  digesting  the  mixed  salts  of  lead  with  twice  their  Tolume 
of  ether  for  24  hours,  the  olcate  of  lead  is  dissolved  and  separated 
firom  the  other  salts.  The  ethereal  solution  is  then  to  be  mixed 
with  dilute  hydrochloric  acid,  which  decomposes  the  oleate  i  the 
oily  acid  is  dissolved  by  the  ether  and  rises  to  the  surface.  The 
ether  is  to  be  expelled  by  heat,  and  the  acid  is  agsun  to  be  converted 
into  soap  by  the  addition  of  an  alkali ;  after  which  it  is  separated 
from  its  aqueous  solution  by  the  addition  of  chloride  of  sodimny 
pressed,  redissolvcd  in  water  which  has  been  boiled  for  some  time 
to  exi^el  the  air,  and  finally  decomposed  by  tartaric  acid  in  vessela 
fiUed  with  carbonic  acid  gas.     The  acid  thus  obtained  always  baa 
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a  brown  colour,  owmg  to  tlic  action  of  atmospheric  oxygen  u|X)n  it, 
Gottlieb  purified  it  by  adding  to  the  acid  thns  obtained  a  lai^e 
excess  of  ammonia^  and  then  precipitating  it  by  means  of  chloride 
of  barium  :  the  oleate  of  barj'ta  thus  procured  ia  dried  and  boiled 
with  alcohol.  During  this  operation  tlie  salt  melta  and  formu  a 
Tiscoua  liquid,  but  a  portion  of  it  is  dis^^olved  and  i&  deposited  in 
crystalline  plates  as  the  liquid  cools ;  these  are  again  crystallized 
firom  alcohol,  and  on  decomposing-  thera  with  tartaric  acid  pure 
oleic  acid  is  obtained.  The  alcobol  in  the  preceding  operation 
retaina  the  impurities  which  render  the  onlinary  oleate  of  baryta 
so  fusible :  pure  oleate  of  baryta  is  not  fiusible  at  zi%°^ 

Vuie  oleic  acid,  at  ternperatures  above  57^,  forms  a  colourless, 
limpid  oil,  without  taste  or  smell ;  it  <loes  not  redden  litmus  even 
when  diseolved  in  alcohol ;  at  40**  it  concretes  into  a  hard  crystal- 
line mass,  composed  of  fine  needles.  When  solid  it  undergoes  no 
cfaange  in  the  air,  but  when  liquid  it  absorbs  oxygen  rapidly, 
acquiring  a  brown  colour,  a  rancid  odour,  and  an  acid  reaction 
upon  litmus,  its  point  of  solidification  gmduaUy  l>ecoming  lowered 
until  it  falls  below  o'°  F,  Oleic  acid  cannot  be  distilled  without 
undergoing  decomposition :  a  large  quantity  of  liquid  and  of 
gaseous  hydrocarbons  arc  given  off  in  the  distillation,  besides  several 
acids  of  the  series  C^ll^O^,  but  the  most  characteristic  product 
is  sebacic  acid  (1179),  the  quantity  of  which,  however,  appears 
to  diminish  in  proportion  as  the  oleic  acid  has  become  more 
oxidized. 

Oleic  acid  forms  two  classes  of  salts,  neutral  and  acid.  The 
neutral  salts  of  the  alkalies  are  the  only  solul)le  ones.  They  form 
soapji,  and  by  the  evaporation  of  their  aqueous  solution  they  may  be 
obttiined  in  the  condition  of  an  amorphous  mass.  Oleate  of  potash 
forms  a  soft  soap^which  is  the  chief  ingrtxUent  inNapIes  soap,  Oleate 
of  soda  is  a  bard  soap,  and  enters  largely  into  the  conipoi^ition  of 
Marseilles  soap.  The  acid  oleates  of  the  alkalies  are  liquid  and 
insoluble,  The  metallic  oleates,  such  as  those  of  copper  and  lead, 
are  soluble  in  cold  anhydrous  alcohol  and  in  ether  ;  tliey  are  thus 
separable  from  the  stearates  and  palmitates,  which  are  insoluble  in 
these  liquids. 

(1177)  ^^i^<>fi  ^f  Peroxide  of  Nitrogen  and  of  Nitric  Acid  on 
Oleic  Acid. — Oleic  acid  by  exposure  to  peroxide  of  nitrogen 
becomes  converted  into  a  solid  fatty  acid,  isomeric  with  oleic  acid, 
which  has  been  called  elaidic  acid.  In  effecting  this  change  an 
excess  of  the  peroxide  must  be  avoided,  and  the  mass  nmst  he 
kept  cool  The  cause  of  this  remarkable  change  is  unknown.  A 
small  quantity  of  ammonia  is  formed  during  the  reaction,  as  well 
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•c  a  portion  of  a  neutral  oflj  body.  The  qustntiij  of  pertvzide 
of  nitrogen  required  is  very  sniall,  not  esoeednip  ^th  of  the 
weiglit  of  the  oleic  aciiL 

Elaiclie  acid  fuses  at  aliout  113";  it  is  rarr  soluble  in  wlcoboi^ 
from  which  it  is  deposited  in  beantifiil  pearly  scalea;  it  ia  Itm 
soluble  in  ether.  Elaidic  acid  may  be  distilled  in  great  psrt 
without  alteration  ;  but  when  fiised  with  hydrate  of  potaah  il 
jrieldif  ])alniitic  and  acetic  aeid^  like  oleic  acid. 

Wh«n  oleic  acid  is  sul>)ected  in  a  ci^kacious  retort  to  the  actioii 
of  a  large  excess  of  nitric  acid  of  sp.  gr.  1*42  diluted  with  an  equal 
bulk  of  water,  it  gradually  disappears,  producing  a  copioos  ero- 
lution  of  nitrous  fumes^  attended  with  a  violent  reaction.  The 
results  of  the  decomposition  are  very  complicated^  but  the  products 
obtained  by  this  mettiod  of  oxidising  oleic  acid  present  consider* 
able  interest,  siuce  they  contain,  according  to  Redtenbacher,  all  the 
terms  of  the  homologous  series  of  the  volatile  acids  (C^H^OJ  from 
the  acetic  to  the  capric  acid  inclusive,  these  adds  being  foond 
in  t!ie  dintillate  ;  whilst  according  to  Laurent  [Ann,  de  Chimiet  U* 
Ixvi.  154),  four  fixed  acids  arc  left  in  the  retort^  and  these  form  conti- 
guous terms  of  a  group  of  homologous  dibasic  acids  of  the  formula 
2  HO,  (C„1I„_^)  O,;.  The  qimntity  of  the  volatile  acids  is  greater 
whrii  Uie  nitric,  acid  uised  is  very  concentrated  j  if  it  be  more 
dilute,  that  of  the  fixed  acids  is  increased.  The  fixed  acids  which 
remain  in  the  retort,  arc  the  following : — 

Suberic  acid a  HO,  CiftHj^Og 

Pimelic  acid 2  HO,  C^HioO^ 

Adipie  acid a  HO,  CjaH^  O^ 

Lipic  acid a  HO,  CjoH^  O^  ? 

It  is  interesting  to  remark  tliat  another  acid  of  this  group — viz., 
the  scbacic  acid  [%  HO.  Car^HjgO^j)  is  a  characteristic  product  of  the 
distilktioii  of  oleic  acid  ;  aiul  succinic  acid  (2  HO,  C^H^O^j),  which 
is  one  of  the  moHt  frequent  products  of  the  action  of  nitric  acid 
n|K*n  the  scries  of  acids  (C\H,OJ  is  the  next  term  below  the 
lipic  acid.     Some  of  the  acids  of  this  series  will  now  be  described* 


{c)  Dibmic  Acids  of  the  Oxalic  Series  (2  HO,  C^H^^^O^,). 

(11 78)  All  the  acids  belonging  to  this  series  possess  a  consi- 
dcral)le  volatility,  and  may  be  partially  sublimed  without  uodcr- 
goiug  decomposition  :  they  are  soluble  to  a  large  extent  in 
boiling  water  as  well  as  in  alcohol :  they  are  likewise  soluble  in 
ether,  and  may  be  obtained  in  crystals  without  diflSculty.     Ger- 
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hardt  proposes  to  double  the  formula  for  oxalic  acid,  and  to  coEsi- 
cler  it  as  dibasic^  as  it  possesses  all  the  properties  of  this  class  of 
compounds.  It  would  then  form  the  lowest  term  iu  this  group. 
The  following  table  contains  the  names  of  the  aeids  whicli  have 
been  ascertained  to  belong  to  this  series : — 


1 

Acy*. 

Fgrzaols. 

Foaio^poiat. 

AppeurAQce. 

SeUck      .     . 

aHO,C„H,A 

«6q- 

Thin  pearly  plates* 

Suberic      .     , 

^HO,  Cj.H^.O. 

^57' 

White  cryBtalline  povder. 

Fimelic      .     . 

iiHO,  c„H,,n, 

^57^ 

Hard  granular  trystAla, 

Adipic       .     . 

aHO,  r„«,o. 

a66= 

Eadiated  tufts. 

Lipid.     .     , 

iHO,C,„H,0, 

mbout  3  go** 

Loag  platesj  very  soluble. 

8u«doic     .     , 

iHO,C,H,0, 

356" 

Four-sided  priwiia. 

Oxalic  .     .     . 

iHO,C,        0. 

( Sublimes     be- 
}    fure  fusing. 

4*si(l«d  priauLB  with  4  A<j. 

I 
I 


(1179)  Sehacic  Acid  {z  HO,  Ca.jHi^j^—Thia  acid  is  easily 
obtained  by  the  distillation  of  oleic  acid,  and  most  of  the  fixed  oils 
also  yield  it  by  distillation,  owing  to  the  decomposition  of  the 
oleiii  which  they  contain  :  the  acid  is  accompanied  in  this  opera- 
tion by  various  hydrocarbons^  and  by  other  volatile  acids.  It  may 
likewise  be  readily  obtained  in  large  quantity  from  the  fixed  residue 
of  the  distillation  of  castor  oil  with  Ijydrate  of  potash  ;  rieinolic  acid 
yielding  oety lie  (caprylic)  alcohol,  sebacieacid^  and  free  hydrogen:^— 

Bici nolle  Acid.  OetjUc  Alcohol.  Bob«tc  ofFotuh. 


HO,  C^H„0,  +  a(KO,  HO)  =  C\,H,yO,H0  +  2  KO,  C^^H^A  -h  2  H. 

The  sebate  of  potash  is  dissolved  in  boiling  water  and  decomposed 
by  the  a^ldition  of  hydrochloric  acid  ;  sebacic  acid  crystallizes  in 
needles  as  the  liquid  cools.  This  acid  is  readily  recognised  by  its 
ready  solubility  in  boiling  water^  from  which  it  crystallizes  in 
pearly  scales,  as  it  is  nearly  infioluble  at  ordinary  temperatures. 
It  fuses  at  260^,  and  may  be  fsiiblimed  without  decomposition, 
becoming  condensed  in  needles  which  resemble  those  of  l)cnKoic 
acid.  Its  vapours  have  a  greasy  odour,  aiul  prod\ice  a  very  irri- 
tating etfcct  upon  the  lungs,  Sebacic  acid  ib  very  soluble  in 
alcohol  and  in  ether. 

Sebacic  acid  forms  both  acid  and  neutral  salts.  The  sebates  of 
the  alkahes  and  of  the  earths  are  soluble,  but  the  otlier  sebates 
are  nearly  insoluble.  Tlie  acid  (2  HO,  CigHj^O^)  intermediate 
between  the  sebacic  and  suljeric  in  this  series  is  not  known. 

(1180)  Suberic  Add  {2  HO^  Ci^HioOg).— This  compound  was 
originally  observed  among  the  products  of  the  oxidation  of  cork 

trie  acid,  and  hence  it  derives  its  name  (from  mber^  corkj. 
: 
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Cork,  Kowerer^  yields  it  in  but  rerj  small  quaniitT^  and  eren  tint 
quantity  is  probably  owing  to  the  presence  of  a  small  proportioo 
y(  waxy  matter.     The  acid  is  rather  a  frequent  product  of  tlm 

roxidation  of  the  fats^  and  particularly  of  the  stearic  acid  seriei. 
It  is  easily  obtained  by  boiling  stearic  add  with  nitric  acid 
for  sonic  days  ;  upon  concentrating  the  liquid  it  deposits  oys- 
tals  of  Hiiberic  acid,  raixexl  with  a  large  quantity  of  succmic  acid. 
The  latter  acid  is  easily  removed  by  washing  with  cold  water,  and 
the  sparingly  soluble  suberic  ati^id  is  puriiied  by  crystallization  from 
bulling  water.  It  forms  a  white  crystalline  powder,  de^titnte  of 
odour,  but  having  a  slight  acid  taste,  and  feebly  reddening  litmna 
pafier.      It  rcqiiiret*  aljout  loo  times  its  weight  of  cold  water  for 

'eohition,  but  only  twice  its  weight  of  boiling  water»      It   is  also' 
soluble  in  alcohol  and  in  ether.     \^Tien  heated  it  fuses  at  about 
257",  and  creeps  up  the  side  of  the  vessel  in  which  it  is  heated  ; 
lliitlergoing  a  sort  of  spurious  aublimation  at  a  high  temperature. ' 
Tlie  Huberatcs  of  the   alkalies  and  of  the  earths  are  soluble  and 

^^cry stall  imble ;  they  yield  with  salts  of  lead,  silver,  and  zinc,  white 

^sparingly  soluble  precipitates. 

The  three  next  terms  of  the  series — viz.,  the  pimelic,  adipicy 
and  lijHC  acids,  are  unimportant :  they  are  formed  along  with 
suberic  acid  during  the  oxidation  of  oleic  by  nitric  acid  ;  these 
acids  may  be  crystallized  without  difficulty. 

(1181)  Suechiie  Acid  (2  HO,  €^11/)^, — This  acid,  as  it>?  name 
implies,  wfw  originally  obtained  from  amber  (mccinum),  in  which  it 
exists  ready  formed.  W  hcu  aralicr  is  submitted  to  destructive! 
distillation,  a  quantity  of  succinic  aeid  passses  over  aniougst  other 
subiitanecs.  It  is,  however,  easily  obtained  artificifdly  by  acting 
upon  steaj'ic  or  palmitic  acid  with  nitric  acid.  Succinic  acid  also 
occurs  in  the  leaves  of  the  wormwood  and  in  the  resins  of  many 
of  the  pine  tribe.  It  may  likewise  be  obtained,  by  fermentation, 
from  asparagiu,  and  froni  malic  acid  (Dessaignes),  malate  of 
lime  yielding  nearly  onc-tbird  of  its  weight  of  it.  In  order ^^ 
to  procure  it  fi'om  malic  aeid  3  lb,  of  crude  malate  of  lime  are  to^^ 
be  diffused  through  a  gallon  of  warm  water,  and  four  ounces  of 
drc4iyed  cheese  are  to  be  added  to  the  mixture,  which  is  to  be 
kept  at  a  temperature  of  100'  for  about  a  week.  Carbonic  acid 
is  disengaged,  whilst  a  mixture  of  crystallized  carbonate  and  succi- 
nate of  lime  is  depositetl,  and  acetate  of  lime  remains  in  solution 
(II 12). 

M  ilste  of  LiuM,  Biwoiiuie  ttf  Ltnis,      Ae«lJiie  of  I 
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3(a  CaO,  C,H,0  J:=a  (a  CaO,  C.H.O,) + CaO,  C.HA + CaO,  C0,+3  CO,-MI0, 
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The  deposited  succinate  of  lirac  is  to  be  collected  upon  a  liiicu 
filter  and  washed  with  cold  water^  after  which  it  may  be  decom- 
posed by  hydrochloric  acid,  and  the  suodnic  acid  purified  by  crys^ 
tallization.  The  decomposition,  however,  is  not  always  so  simple  ai 
IB  represented  in  the  foregoing  equation.  The  formation  of  lactate 
of  lime  has  often  been  observed  to  accompany  the  transformation 
of  malic  into  succinic  acid,  and  it  frequently  hapj>ens  that  a  quan* 
tity  of  hydj'ogen  is  disengaged  during  the  lermentatiou  :  when  this 
f  occurs  it  indicates  the  formation  of  butyric  acid,  which  is  also  ac- 
companied by  a  small  quantity  of  an  essential  oil  with  an  agree- 
able odour  of  apples.  The  relation  of  malic  to  lactic  acid  is  very 
jsimple : — 


MbIic  Acid, 


Lactic  Acid, 


2  {2  HO,  CsHA)  =  a  HO,  Cj^H.^Oi,  +  4  CO, 


and  the  presence  of  lactic  acid  readily  accounts  for  the  formatioQ 
of  butyric  acid  (1164).  An  interesting  relation  also  exists  between 
butyric  and  succinic  acids ;  butyric  acid  when  treated  with  nitric 
acid  being  convertible  by  oxidation  into  the  succinic ; — 

ButTtic  Acid.  Succmio  Aold* 

HO,  CgH^Oj  +  6  O  =  2  HO,  CeH A  +  2  HO. 

Succinic  acid  crystallizes  in  large,  regular  rhombic  tables 
which  require  five  parts  of  cohl  and  two  of  boiling  water  for 
solution.  Alcohol  dissolves  it  freely,  but  it  is  only  sparingly 
soluble  in  ethen  Succinic  acid  melts  at  a  temperature  of  from 
347''  to  ^S^^>  ^^^^  ^^  suddenly  heated  to  455*  it  melts,  boils,  and 
sublimes  completely.  During  the  sublimation  the  acid  loses  a 
portion  of  its  water,  and  if  distilled  with  anhydrous  ptiosphoric 
acid  the  anhydride  may  be  obtained  without  diilicutty  (C^HiO^j). 
Succinic  anhydride  is  soluble  in  alcohol  and  in  water ;  its  aqueous 
solution  rapidly  becomes  converted  into  the  ordinary  hydra  ted 
acid* 

Succinic  acid  is  a  very  stable  compound.  It  may  be  l>oilcd 
for  many  hours  with  strong  nitric  acid  without  undergoing  decom- 
position, and  its  aqueous  solution  is  not  afliK^ted  by  chk^rine,  or 
by  a  mixture  of  chlorate  of  potash  and  hydrochloric  acid.  Suc- 
cinic acid  fonns  tliree  salts  with  potash ;— a  neutral  dcli(|ncscent 
salt  (z  KO,  ChH  A.  4  Aq)  ;  an  acid  salt  (KO,  HO,  ChH  A,  4  Aq  ; 
Dopping),  which  crystallizes  in  transparent  efflorescent  six-sitled 
prisms,  which  are  soluble  in  alcohol ;  and  a  remarkable  super- 
Lacid   salt   [KO,  2  HO,  2  (C9HA)  3  Aq],   which  may  also  be 
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obtained  free  from  its  3  equivalcBts  of  water  of  crystallization, 
by  raising  its  temperature  to  212^  (Fehiiug),  Succinate  of 
ammonia  (2  H4NO,  C^jIi^Ofl)  is  sometimes  employed  to  separate 
iron  ill  perfectly  neutral  solutions  from  salts  of  nickel,  cobalt, 
and  manganese.  A  double  siicchmie  of  THOf/nema  and  potash 
(MgO,  KO,  CgH40^  5  Aq)  may  be  obtained  in  double  six-aided 
pyramids,  by  allowing  the  two  salts  mL\ed  in  equivalent  pro- 
portions to  crystallize  together.  Succinic  acid  forms  several 
nearly  insoluble  compounds  with  oxide  of  lead ;  the  neutral  com- 
pound is  white  and  crystalline  2  PbO,  Cgll^O^  ;  another  compound 
3  PbO^  CgH^Ogj  is  fusible  in  warm  water ;  and  if  either  of  the^ 
foregoing  be  digested  with  ammonia,  a  compound  may  be  obtained 
with  a  still  larger  proportion  of  base. 

The  succinates  are  characterized  by  the  bulky  brown  precipi- 
tates of  persuccinate  of  iroui  which  they  yield  in  neutral  solutions 
of  salts  of  the  sesquioxide  of  iron. 

Succinic  acid  combines  readily  with  anhydrous  sulphuric  acid, 
and  forms  a  deliquescent  crTstallizable  compound  acid,  termed 
siilpho-mcchiic  acid  (3  IIO,  CylfjO^,  a  SO3,  3  Aq),  which  requires 
equivalents  of  base  for  its  saturation. 

(1182)  When  anhydrous  succinic  acid  is  distilled  with  an 
equivalent  quantity  of  perebloride  of  phosphoniSj  oxychloride  of 
phosphorus  passes  over  at  first ;  and  at  a  more  elevated  tempera- 
ture mccinic  oxychloridt  {C^\\^0^\^  is  obtained.  This  compound 
forms  a  colourless  oil  of  high  refracting  powcr^  and  sp.  gr.  i'39  : 
it  boils  at  alwut  374°^  emitting  a  dense  suftbcating  vaj,x>ur,  which 
in  a  very  dilute  form  has  an  odour  of  wet  straw.  A  damp 
atmosphere  slowly  converts  it  into  crystallized  succinic  acid.  It 
derives  its  principal  importance  from  its  affording  an  illustration  of 
the  characters  and  mode  of  preparation  of  an  oxychloride 
dibasic  acid : — 

Succinic  Anlijdride,  Saecbvo  Oxjeblofide. 


■al 


C,H,0«  +  PCI,  =   C,H,0,CI,  +  PO.CI^, 

Tlieacid  which  would  have  the  composition  2HO,  CuHaOe, 
termed iate  between  the  succinic  and  the  oxalic  is  as  yet  unknown*' 

§  IV.  General  Review  of  the  Alcohols — Aromatic       ■ 

Alcohols-^Polvatomic  Alcohols.  " 

(1183)  Ge^ieral  Summary  of  the  Alcohol  Groups, — Having  now 
completed  the  description  of  the  more  important  bodies  connected 
with  the  series  of  alcohol  and  its  homologous  compounds,  it  may 
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flenriceable  to  take  a  general  review  of  the  cotiiicxion  of  these 
at  eompounds  with  each  other.  For  this*  piu'pose  the  follow- 
table  has  been  constructed ;  it  furnishes  a  syBoptic  view  of  the 
^more  important  classes  of  heterologous  derivatives  from  the  alcohols. 
If  space  allowed  us  to  map  out  tlie  wliole  of  the  various  derivatives 
af  each  alcohol  in  a  table  similar  in  principle  to  that  given  at 
pages  32  and  33,  each  of  the  general  formuhe  given  in  the  second 
column  of  the  present  table  would  stand  at  the  heatl  of  one 
I  of  the  columns  of  such  a  table.  Each  substance  enumerated  in  this 
table  is,  therefore,  to  be  regarded  as  tlie  representative  of  a  homo- 
logous series  of  compounds  like  that  of  the  fatty  acids^  or  of  the 
alcohols,  in  which  each  of  the  members  diflem  fit)m  those  which 
prcecde  and  follow  it  by  (CJl.^). 

It  will  be  observed  that  the  letters  W,  X,  Y,  and  Z^  are  occa- 
sionaDy  employed  in  the  eolunin  headed  *' General  formuljc'^ — 


r  n   a 


W  indicates  chlorine,  or  one  of  the  halogens. 
X  indicates  an  anliydrous  monobasic  acid. 
Y    indicates  an  anhydrous  dibasic  acid. 
Z    indicates  an  anhydrous  tribasic  acid. 


n  and  tn  arc  in  all  ernes  supposed  to  be  even  numbers.  It 
must  be  remembered  that  this  table,  extensive  as  it  is,  does  not 
specify  all  the  known  heterologous  derivatives  of  any  single 
aleoliol.  The  diflcrent  forms  of  the  phosphorus  base^  ai*c  not  men- 
tioned, because  they  are  repre^oted  by  the  forraulBe  of  those  of 
ammonium,  from  which  they  ditfcr  in  containing  an  equivalent  of 
phosphorus  in  the  place  of  one  of  nitrogen.  Of  the  homologucs  of 
urea  two  distinct  series  are  known,  the  first  of  which 

corresponds  to  ethyl-urea  .      ♦  H^fC^H^)  NjjCjiOa 

rH         and  the  second  to  dicthyl-urea  IIj(CJIc)2N3C20j 
tndugh  the  former  series  only  is  indicated  in  the  table.     The  mic 
radicle  again  represents   other  metallic  componnds,  such  as  those 
containing  cadmium,  which  are  formed  upon  the  same  type.     The 

■  various  arsenio-conipQunds  are  ako  representatives  of  the  antimony 
series,  which  are  not  mentioned  in  the  table  ;  the  arsenical  com- 
pounds likewise  are  representatives  of  the  compounds  which  contain 
bismuth  in  the  place  of  arseiue.  Again,  the  stanno-radiclcj^,  them- 
selves a  numerous  group,  are  only  indicated  by  a  single  formula ; 
whilst  the  compounds  of  lead  and  of  mercury  correspond  to  one 
or  other  of  the  difierent  forms  of  the  staimo-radicle. 
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Nuii«t»fili«8en««    ttad        OcbwtiU  Formnla. 


].  Electro- ptisiti re  rajilielu 

1.  Duubjf  radicle  .     ,  » 

3,  Alcijbol    .     ,     .     ,  ♦ 

4,  Siiuplf^  ether      .     .  . 

5,  Double  ether      .     .  , 

6,  Hydracid  ether       ,  . 

7,  SuIptiuTetted  ether 

8,  BUnlphureiied  ether  . 

9,  Mercflptiu)  .... 
10.   Gimpouitd  ether  (mo-  \ 

tf,    Compouiid  ether  (di-  \ 

ha.*iio)   .     .     ,     .     H 

1  a,    Vlittc  acid     ,     .     ,     . 

15*    Silt  of  Yiaic  ftdtl  .     . 

14.  Com po Dad  ether  {tri-  ) 

basic)    .     .     .     .     [ 

15.  Cyaoidej  or  nitnle  .     ♦ 

16.  r Amide  bases  ,  .  . 
1  / .  I  Imide  baaea  .... 
i8.-jNi1ri]ehfljM  .  .  . 
19.    Oxide  of  ammotdma  | 

L  bftwj  (hydrated)  .  J 
70.  HuTQologueB  of  area  . 
If.  Zioc-radicte  ,  .  .  * 
"Di&nteiiio-radicle  .  . 
23.  Oxide  of  diaracnio- 
radide  .  ,  , 
Acid     of    diarseQio- 

radicle.     .     ,     , 
Triareenio-Badtcle  , 
Oxide   id   triaraetilo'  | 
radicle.     .     .     ,     { 

17.  Hydrated  oxide  of  te*  j 
^     tmrseiiio- radicle ,     ) 

38.    StADuO' radicles  . 

19.    Honiolugues  of  marsh  | 

g»« j 

30.    Homologaes  of   oleii-  f 

ant  gna .     .     .     .     | 

jji.    Aldehyds 

3 2.-  Voktile  Acids  .  .  . 
j(3.    Ketones 

34.  Diltosic  acids      ,     ,     . 

35.  Monobasic  anhydrides  . 

36.  Coiupoand  aahydndes 

37.  IHbaaic  anhydndes  .  * 
j8.    MoDobaaie    oxychio-   | 

rides    .     .     *     ,     j 

?9.    Dibasic  oxy chlorides  . 

40.  BaM  with  electro-ne*  j 

gatire  mdicle .     .    j 

41,  Hydrated   oxide    of   \ 

atDmonium  base  of  j 
electro-negattvo  ra*  [ 


(C,H,^tVO,X 

HO,(C,H^*,)0,   Y 
MO,(C,H„^,)0,y 

3(C^H«^,)0;z 
C«H^+,)  Cy 

4(C^H„^,)N0,H0 

Asi(C„U^,) 
As3(C„H«^0O 

HO,A8i(C„Hrt+i)0, 

As3(C^H,^,) 

A«3(C„H«+,)0, 

Ab4<C„H«4i)0,H0 
C.H,-,0,C1, 


Examples. 


Ethyl  .  ,  .  . 
Ethj'i-tetryl  .  , 
Alcohol  -  .  ,  , 
Ethylic  ether  .  , 
Bthyl-amylic  ether 
Hydrochloric  ether 
Hydroifulpharie  | 
ether  .  ,  «  | 
Bisulphide  of  eithyl 
Kthyl-iuercaptan    . 

Acetic  ether      «    . 

Oxalic  ether      .     . 

SuIphethyHc  aeid  . 

SulphiHhylate  of     } 

pota^  .     .     ,    { 

Citric  ether ,     ,     * 

Hydrocyanic  ether  ( 
(propio'Ditrile)    \ 

Ethyl  i»  .... 

Diethylia      .     .     . 

Triethylia    .     .     . 

Oxide  of  Tetrethy-^ 
liuni  (hydrated)  ( 

Kthyl-urea  .     .     . 

Zinc- ethyl     .     .     . 

Kakodyl       ,     .     « 

Oxide  of  kakodyl 

Kakodylie  acid 

Trianeneihyt    »     , 

Oxide  of  tri&raen*  j 
ethyl  .  .  .  j 
Hydmted  oxide  of  I 
tetrarBeiiethylium  [ 
Biatimu  ethyl      .     . 

Hydride  of  ethyl 

Olefiani  gaa 

Acetic  aldehyd  . 
Acetic  acid. 
Acetone  .  .  . 
Succinic  acid  « 
Acetic  niiliydride 
B<uuEO'ar«tic  dAj. 
Sueciuie  anhydride 

Acetic  OX  J  chloride 

SQceinic  oiychJo*  j 
ride      .     .     .    ] 

Aoetylia  *     •     ,     ,> 


Hydrated  oxide  of  | 
•eetyllum  .     »    { 


3/C,H^) 

C,H^t,H, 

C,U^U.O, 

C^Hj,C,^H,i(^ 

C^H^Cl 

C^HijC^HpSj 
C^H^H,Sj 

C,H,0,C*H/), 

5(C,HJ0,.C.0, 

HO,C,H.O,S,0,| 
KO,C,H,0,S,0,j 

3(C,HJ0^A»H,<I 
C^H^CycirC.Hj 

H,3(C,HJN 
3(0^H^!r 

4(C,H,)N0,H0 

H„(C,HJN.C,0, 

Zu(C,n.) 

As,  1(0,11^ 

HO,  As  »(C,Hj 

As3(C.aj 

Aa3<C,H^0, 

As4(C,H^^0,l 
iSn,  ^(C^By 
C.H^H 

C,O^H,0. 

HO,C,U,0, 

C.H.U, 

^HO,C.H,0. 

C,B,n^C,H,0, 

C.H,0„C„JI,C 

c,H,o,n 

C,H^U,C1, 
H^0<Hg)N0,HO 


oBoupa  isoLOdotrs  with  tde  alcohols. 
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(1184)  Groups  hoioffous  with  the  Alcohols  and  their  Dfrhm* 
tivtB, — Hhe  progress  of  research  into  the  prcxluets  of  the  decora- 
tion of  oi^uic  corai^ouiulft,  18  ^atlually  diselosiiig  the  emtcuce 
L  immber  of  groups  which  l>ear  a  close  relationship  to  that  of 
he  alcohols,  alreatly  examined  :  this  relationship,  however,  is  not 
me  of  homology;  for  if  the  new  alcoliols  were  homologous  with 
those   previously  known,  they  would   themselves  be  members  of 
the  group  to  which  these  bodies  belong. 

The  gn^up*^  of  which  we  are  now  speaking  arc  holof/otM  witli 
the  alcohols — that  is  to  say,  that  the  compounds  which  constitute 
each  of  these  groups  are  related  to  each  other  iu  a  manner  similar 
to  that  of  the  components  of  the  alcoliol  group  with  which  they  are 
cjomimred*  For  example,  a  class  of  corajjounds  is  kuoivii  to  the 
chemist  J  derived  from  oO  of  garlic,  and  constituting  what  has 
been  termed  the  aihjtic  series^.  Another  class,  related  to  the 
iragmnt  acid  contained  in  gum  benzoin,  is  known  as  the  benzoic 
iSeries ;  and  a  third  class  related  to  oil  of  cinnamon,  has  been 
termed  tlie  cinnamic  scries*  Now,  upon  comparing  tt>gethcr  the 
relations  of  the  diflerent  heterologous  compounds  composing  each 
of  these  three  groups,  it  has  been  found  that  certain  of  them 
bear  to  each  other,  relations  similar  to  those  observed  between  the 
heterologous  com[X>unds  derived  from  alcohol :—  For  exainplej  in 
each  of  the  grou|ia  just  mentioned  there  is  a  compound  indi- 
cated as  the  alcohol  of  the  series  :  there  is  anotlier  which  contains 
two  equivalents  of  liydrogen  less  tlian  this  body  ;  it  has  the  power 
of  forming  a  crystalline  corai>ound  with  bisulphite  of  potash,  and 
corresponds  in  properties  with  the  aldehytU.  It  has  further  l}eeu 
observed  that  these  new  aldchyds  by  combining  with  two  additional 
equivalents  of  oxygen  furnish  volatik  acids,  the  normal  hydrates 
of  which  contain  four  equivalents  of  oxygen,  and  correspond  to 
the  series  of  volatile  fatty  acids.  The  alcohols  of  these  three 
groa|>s  are  not  homologous  with  ethylic  alcohol ;  for  the  semi- 
molecule  of  fl%/  (the  hydrocarbon  of  the  allylic  scries,  correspond- 
ing to  ethyl) /contains  one  equivalent  of  hydrogen  less  thau  the 
numberof  equivalents  of  carbon  J  whereas  the  semi-molecule  of  ethyl 
contains  one  equivalent  of  hydrogen  more  than  the  number  of 
equivalents  of  carbon.  The  a e mi-molecule  of  the  hydrocarbou 
of  the  benzoic  series,  contains  seven  equivalents  of  hydrogen  less 
than  the  number  of  equivalents  of  carbon ;  and  in  the  cinnamic 
hydrocarbon  the  disproportion  is  still  greater,  the  number  of  equi- 
valents  of  hydrogen  falling  short  by  nine,  of  that  of  the  propor- 
tion of  carbon*  Yet,  all  these  bodies  in  their  derivatives  present 
an  analogy  with  the   corresponding  derivatives  of  alcohol.      Tlic 


^^^^^^IB              awofVTn  i$oLO€ors  with  tbe  aixouois,              ^^^H 

^^H         that  of  alcohoL                                                                                      ^M 

^^H               In  the  benzoic  aeries  the  existence  of  three  homologous  teno^^ 

^^H         ia  already  indicated  more  or  less  fiilly^  namely  the  beosoic^  tiieV 

^^H           ii\luu*^  mu\  iJiM  i^ntiiitiif^Hi^rii^         \u  *Ji#*  Mylu*  anil  <*iimi£liiiic«  p[ruup 

^^H         only   a   single   series  is   in  each  case   as  yet  known;  but  it  can 

^^H           Bf^rrf^lv  hfi  dmihtpd  that  nthpr  hr\mnlnpprkiifl  meAcA  of  GArh  at  ilieaa^ 

^^H         varieties  of  alcohols  will  be  found.                                                     fl 

^^H                The   following  table  will  sene  to  elucidate  the  general  rebiiS 

^^H         tions  of  these  groups  to  each  other ;  and   it  will  also  indicate  ifat V 

^^H         analo^^y  of  the  compounds  which  they  form  with  corresponding 

^^H         cotnjxjunclH  in    the  comprehensive  family  to  which  ethylic  alcohol 

^^^^^_    lx;loogs  : —                                                                                             i^^^. 

IsoLOGors  Groufs.                               ^H 

1 

(0  a<>mp<mnda  of  the  Ethnic  8erk§,                                        1 

1 

UfAtoev^tan. 

OMt. 

ChlwW*. 

JUoohoL 

Aldc^jNL 

«(aai4i) 

f(C,H^,)0, 

nH^JOl 

C,H^.O,HO 

C,H«-|0;HO.c<r 

HO.CH^O, 

EtbjU 

Eilwr.     ' 

AlcoboL 

Aodie  Aldeliird. 

Acetic  Acid. 

MC.HJ 

%(c,Hjo; 

caS 

C.HAHO 

'c,h.o„h' 

HO,C,H,0, 

(2)  Compound*  of  eAe  AU^^c  Series,                                     ( 

,1 

c„H^,a 

C^H^AHO 

c,;b^o„u 

HO,C»H^_,Oj 

kMjh      OsidAofAnji. 

Chlarida  of  Anjl 

Allylk  Ahdhol 
C.H.O.HO 

Atn^an. 

HO.C.H.O, 

^{Qfi^      «(C*HJO,      '    C.H.CI   ^    1 

c.h,o„h' 

(3)  (hmpwindi  of  ike  Benzoic  Serin. 

3{C„H,»,)  i(0^,H«-,)0, 

C.H^Cl 

C,H^O,HO 

C,H^O.,H     HO.CH^O, 

Chbrideof 

OilofBiHcr 

(•> 

BenioioAlMiboL 

Almondj, 

C„H,C1 

C,,H,0,HO 

C„H.O„H 

HO,C„H.O. 

(•> 

• 

ToliuoAeid. 

HO,C..H,0, 

(4) 

loomiaieJUcoboL 

Oil  of  OwftimJH. 

C«,H„0„H 

H0,C!„H„6. 

(4)  Compound«  of  the  Cinnamic  Seriet. 

1 

C»H„^0,HO 

CJI^„0„H 

HO,C,H^^,0, 

M 

BtjTRme. 

Oil  of  Cionamoa, 

Cinaiinw  AdAj 

C|,H,0,HO 

C..H,0..  H 

HO.  0.,H,Cl3 

w 
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XbcIi  of  these  groups  contains  a  well-known  essential  oil.  We 
shall  therefore  postpone  the  consideration  of  the  other  derivatives 
of  these  various  alcohols,  until  the  general  properties  of  the 
essences  come  to  be  considered. 

The  following  chapter  will  be  devoted  to  the  description  of  the 
more  important  essences,  as  well  as  of  tlieir  most  interesting 
derivatives.  Before  passing  to  the  consideration  of  these  lx>dies  it 
will,  however,  be  necessary  to  allude  to  another  class  of  alcohols, 
which  may  be  termed  fjolybasic  or  polyatomic  alcohols. 

(1184  bis)  Poll/atomic  Alcohok. — In  describing  the  properties 
and  derivatives  of  glycerin  {1147  ctseqX  allusion  has  already  been 
made  to  the  existence  of  other  bodies  which  possess  the  properties 
of  alcohols,  but  which  combine  with  more  than  one  equivalent  of 
acid,  the  neutral  fats  l>eing  substances  which  may  be  regarded  as  the 
ethers  of  a  teratomic  alcohol,  glycerin*  Wurtz  [Comptes  Refulus, 
July,  1856)  has  recently  discovered  a  new  body,  which  he  terms 
ghjCQl,  interme^liate  in  properties  between  glycerin  and  alcoliol, 
and  which  posses8C*s  the  properties  of  a  hiatomic  alcohol.  This 
substance  is  derived  indirectly  trom  oletiant  gas ;  and  there 
can  be  no  question  that  the  hydrocarbons  homologous  with 
defiant  gas  will,  before  long,  assume  a  mucli  more  imjiortant  posi- 
tion in  the  theory  of  organic  chemistry  than  has  hitherto  been 
assigned  to  them. 

A  paper  by  Mr,  Buff,  communicated  to  the  Royal  Society  by 
Dr»  Ilofmann  {Proceedings  Roi/.  80c.,  viii.  188),  contains  some  im» 
porta nt  observations  on  the  derivatives  of  olefiant  gas.  There  are, 
it  must  be  remarked,  two  classes  of  hydrocarbons  which  yield 
uniatomie  alcohol  radicles ;  one  of  these  is  homologous  with 
ethyl,  and  is  represented  by  the  formula  (C«H^^.i) ;  this  class 
has  been  long  known  and  extensively  investigated.  The  second 
series  has  only  recently  attracted  the  notice  of  chemists  j  it  is  ho- 
mologous with  allyl  (CeH&),  and  is  represented  by  the  formula 
(C\H,^i).  Allyl  is  the  only  member  of  this  series  which  has 
been  carefully  examined. 

These  two  groups  of  hydrocarbons   are  intimately  related   to 
each  other,   and,  probably,  the  members  of  the  latter  series  will 
hereafter  be  obtained  from  the  former,  by  a  general  method  ana- 
logous to   that   by  which  Berthelot  and  De  Luca  have  succeeded 
m  in  obtaining  allyl  from  glycerin  (1242). 

H  Now,  intermediate  }>etwecn  these  two  groups  is  a  third,  which 
BAM  already  been  long  recognised,  viz.  the  group  of  tbe  hydrocarbons 
'    VWch  are  homologous  with  olefiant  gas,  represented  by  the  general 
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formula  (Cj^H^J ;  and  wliicb,  it  may  be  remarked,  would  he  pro* 
rduced  by  tbe  combination   of  the  a^rreMpandhiff  term$  of  the  tuc 
group  previously  alluded  to^  C^H^j  +  C,H.^.|  =  C%JI^^.  It 
only  recently  that   these  hydrocarbons    have    Ixsen    regarded 
radiclc«  ;  yet  they  are  undoubtedly  compounds  of  tbb  nature,  bu 
they  differ  essentially  from  tbe   radicles  of  the  two  other  ^r^m^B^ 
inaiiTnueh   as    their  molecules  are   biatomic,  or  are  capable  of  dis* 
plicing  two  equivalents  of  hydrogen ;  whilst  the  radicles  typified 
1>y  ethyl  and  allyl  arc  uniatomie^  and  only  represent  one  eqaiva« 
lent  of  hydrogen. 

We  have  already  examined  the  nature  of  Dutch  liquid  (400), 
a  camix)inKl  the  molecular  composition  of  which  was  then  indicated^H 
by  the  formula  (CJI^CIJICI)  :  the  view  thus  represented  har«^^^ 
fnonises  well  wHth  the  decompositions  which  Dutch  liquid  expe* 
rienccK  wticn  treated  with  potash  ;  but  the  compound  may  also  be 
regarded  as  tlie  result  of  a  combination  of  the  diatomic  radicle 
(C4H4)  with  two  equivalents  of  chlorine^  thus  (C4HJ"C1^  and  ss 
»ueh  it  may  be  termed  bichloride  of  ethyiene ;  the  biatomic  cha- 
racter of  ethylene  (Qlli)  '^  being  indicated  here  by  the  notation 
{")  uflixcd  to  the  radicle*  Bromine  and  iodine  also  combine 
with  ok'tiant  gas,  and  form  corresponding  compounds  (C^H J"  Br^ ; 
and  (C.IIJ"  1,. 

(1185)  Glycol  [CJl^O^^  (CJlJ''02,"|o^.  — When  binio-^ 

dide  of  ethylene  (C4H4la)    is  triturated  with  anhydrous  acetate  o^H 
tilfer,  in  the  proimrtion  of  ten  parts  or  one  equivalent  of  the  former 
to  twelve  purt«  or  two  equivalents   of  the  latter,  and  the  mixtum^^d 
is  introfluecd  iulo  a  ihisk,  a  bri^k  reaction  sjieedily  begins  to  takj^^ 
place  ;  the  temperature  rises,  and  the  mass  becomes  yellow,  owing 
to    the    formation   of  iodide    of  sih'cr ;  while   carbonic   acid    and 
olefiutvt  gas,  the  result  of  a  secondary  decomposition,    are  evolved 
in  abmidauce^      VVurtz    reoommcods  that  the  materials  be  mixed 
in  quantities  of  150  grains  of  the  biniodide  of  ethylene^  and  180 
grains  of  the  acetate  of  silver;  and  as  soon   as   the  reaction  has 
terniinntetlj  fresh  portions    are    to   be  added  until   1500   or   2000 
grains  of  the  biniodide  have  been  employed.      The  product  of 
reaction  is  then  to  \ye  submitted   to  distillation,  and   the  portions 
which  distil    o%-cr    between   320°  and  39a'*  are    to    be    collectc 


•  OccsBionally  we  shall  find  it  convenient  to  uidicate  the  biatoxnic  clia 
rat'trr  of  a  group  by  llip  marks  ("),  or  l<?rnlomic  tliaracUT  by  the  marks  ('") 
though  in  most  matonccs  these  marka  will  be  omitted. 
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dy,  and  rectified  from  litharge.  By  repeating  the  distilla- 
and  collecting  the  product  iu  separate  portionsj  a  liquid  is  at 
length  obtained  which  boils  at  365*^,  and  may  be  distilled  without 
undergoing  decomfjositioii.  This  liquid  i&  tlie  hinacetate  of  glycol^ 
and  if  the  secondary  products  of  the  reaction  be  neglected,  its  for- 
mation may  be  thus  represented : — 

Bioioilidi*  of 
Btbjlene.  Acrt»i«  of  SOver.  Blmeetftlvof  01]reoL 

c]h,I,    +  1  (AgO.  C.H^di)    =    2AgI    -f    (C,H,)05.2C,HA. 

Biiiaeetate  of  glycol  is  a  colourless  neutral  liquid,  which  emits 
a  faint  acetic  odour  when  heated.  It  is  heavier  than  water,  in 
which  it  is  but  slightly  .stjluble  i  alcohol  dissolves  it  freely. 

Bibenzoate  of  glycol  appears  to  be  formed  when  biniodide  of 
ethylene  is  acted  upon  by  anhydrous  bcTizoate  of  silver,  and 
other  salts  of  silver  likewise  attack  the  biniodide  of  ethylene  with 
facility,  so  that  various  compound  glycolic  ethers  may  be  obtained 
without  diffioulty. 

AMien  binacetate  of  glycol  is  digested  uj)on  powdered  hydrate 
of  potash,  an  energetic  action  speedily  eommcncea  ;  but  the 
mixture  must  be  raaintaiiicd  at  a  temperature  of  about  360**  for  a 
few  hours,  in  order  that  the  decomposition  may  be  complete  :  if 
it  be  then  submitted  to  distillation,  glycol  passes  over,  and  may 
he  purified  by  fractionated  distillation. 

Glycol  is  a  colonrless,  aliglitly  viscous  liquid,  with  a  sweet 
taste.  It  boila  at  about  383°,  and  may  be  distille<l  unal- 
tered :  its  vapour  is  iniiammable.  It  is  soluble  in  water,  and  in 
alcohol  J  in  all  proportions.  It  diftcrs  in  com  posit  ion,  from  ordi- 
nary alcohol  by  containing  two  equivalents  more  of  oxygen*  It 
is  evidently  a  biatoraic  alcohol,  the  radicle  of  which  is  capable  of 
supplying  the  place  of  two  equivalents  of  hydrogen.  Wurtz  re- 
presents the  Imse  acetylia  (C^lIgN ;  1069)  as  ammonia,  containing 
one  equivalent  of  the  dibasic  radicle  ethylene  (C^HJ"  in  place  of 
two  equivalents  of  hydrogen,  and   it   is  obvious  that  acetylia  may 

N,  or  as  ^S^J^In. 


be  viewed,  either  as  il 
H 


H     ) 


There  can  be  little  doubt  but  that  glycol  is  the  type  of  a  new 
cJass  of  homologous  alcohols,  each  of  which  will  form  the  staii.- 
ing  point  of  numerous  scries  of  collateral  derivatives.  Indica- 
tions of  the  formation  of  triUjUc  yhjctd,  and  of  an  acctin  derived 
fipom  ethyUc  glycerin^  have  already  been  obtained. 
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The  relations  of  the  uniatomic,  biatomic,  and  teratomic  alcob 
to  water  may  be  thus  exemplified  : — 


ol^ 


UuUtomk*  Alcobok. 

Type.    I^JO, 

Type.    g.jo. 

Type.     IJO, 

Kthylic  Alcohol. 
TntyUc  AlcoboL 

Glycol 

Etbjtto  Glyeeria  (?) 
OMinuj  Glycerin. 

<o.H.r|o.      , 

Trilylie  Qlyool  (?) 

je  to 
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CHAPTER  VII. 

ESSENTIAL    OILS  AND    KESINS. 

§  I.    Essential  Oils* 

(i  185  bis)  The  OBORTFEKoirs  pnnci|)le  of  most  plants  reside*  1 
certain  compounds  coiis^^istiog  chiefly  of  carbon  and  hydi'ogen  ;  ac 
although  the  boiliug-point  of  these  bo{liea  lies  considerably  abov 
2i2°j  they  emit  at  ordinary  temperatures  minute  quantities  of  an' 
intensely   odorous  vapour.     They  have  a  certain  resemblance  to. 
the  fixed  oils  in  their  infiammability,  sparing  solubility  in  wat 
and  ready  solubility  in  alcohol  and  in  ether  ;   as  well  as  in  the  pr 
duction  of  a  greasy  stain  when  dropped  upon  paper^  though  this  rac 
is  only  transient ;   and  they  feel  harsh  instead   of  unctuous  when 
rubbed  upon  the  skin  :  from  the  points  of  their  similarity  to  the^H 
oils,  and  from   the  fact   of  their  constituting   in  many  case«  th^^^ 
distinctive  compound  of  the   plant  which  yields   them,  they  are 
termed  esseitiial  or  rolaiile  oih. 

The  production  of  the  essential  oils  is  not  limited  to  any  par- 
ticular portion  of  the  vegetable  organism.  In  some  natural 
families^  as  for  instance,  in  the  UmbelUfertB,  the  oil  is  most 
abundantly  contained  in  the  seeds.  The  AuranHaret^  yield  two 
dilicrent  kinds  of  essential  oil,  one  of  which  is  obtained  from 
the  flower,  and  the  other  from  the  rind  of  the  fruit.  The 
3ft/rkwew  and  the  LabiattB  supply  it  from  the  leavc^^  wliilst  the 
Rosacem  contain  it  only  in  the  petals  of  the  flower. 

Generally   speaking,  the   oils   appear    to   exist   ready 
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in   the  plants  being  enclosed   in   little  sticculi,  which   are   often 
visible   to   the   naked   eye,   as  in  the   leaves    of  the  Mt/rtacea, 
and  the  peel  of  the  AurantiacedB,     In  a  few  cases,  such  as  those 
of  the  oils   of  bitter   almonds  and   of  raustard,   they   are   pro- 
duced by  a  species  of  fermentation  operating  on  a  principle  con- 
ined  in  the  cells  of  the  seed  ;  this  change  does  not  commence  until 
the  seed  has   been   crushed  and  mixed  with  water,       A  peculiar 
lazotized  body  present   in  the   seed  is  tlius  brought  into   contact 
[under   favourable   circumstances  with  the  compound  whieh   yields 
[the  oil,  and  the  peculiar  aroma  of  the  essence  is  speedily  developed. 
The  oils  of  lemon  and  of  omnge  are  extracted  by  simple  pressure 
of  the  rind  of  the  fruit ;  but  the  gcncnU  process  of  extraction  con- 
sists in  placing  the  appropriate  portions  of  the  plant  in  a  still,  with 
water,  and  applying  heat ;  in  order  to  prevent  the  vegetable  mate* 
rials  from  being  over-heated  by  restiug  against  the  sides  of  the 
still,  which  would  give  to  the  distillate  a  disagreeable  odour,  it  is 
customary  to  suspend  them  in  a  net  or  perforated  metallic  vewd 
in  the  upper  part  of  the  stilL     A  better  method  of  obtaiuing  the 
essence  is  to  allow  steam  to  pass  over  the  plant,  and  to  condense 
the  vapour  afterwards  in  the  usual  way.      The  presence  of  steam 
favours    the    volatilization    of   the   oik    at    a    comparatively  low 
temperature,    for    it    mechanically  carries   over  the  vapour :  the 
distillate  is  at  first  milky,  but  the  greater  portion  of  the  essence 
separates   from  the  milky  liquid   ou   standing.      The  water  which 
is  condensed  in  the   receiver   with  the  oil  acquires  the   odour  and 
taste  of  the  essence ;  such  waters  constitute  the  fragrant  distUied 
waietit  of  the  a[>othecary  :  by  a  second  distillation,  these  waters 
are  freed  from    some  impurities   which    are    mechanically    car- 
ried over,  and  which  would  cause  the  liquid  to  become   mouldy 
and  would  destroy    its  fragrance.       A  small   portion  only  of  the 
essential  oil  is  retained  in  solution  in  the  distilled  water,  and  the 
greater  portion  of  the  oil  which    is  thus  retained  may  be  sepa- 
rated   by   saturating    the    liquid   with    chloride   of  sodium  j    the 
essence   on   standing   rises  to   the   surface.      It  may  also   be   re- 
mdved  by  agitating  the  distilled  water  with  ether,  which  dissolves 
the  oil  J  and  on  exi^clling  the  ether  from  the  layer  which  separates 
on  standing,  the  pure  oil  is  procureil.      In  some   cases  where  the 
essence  becomes  altered  dm-ing  the  act  of  distillation,  the  firagi'auoe 
of  tlie   plant   is   obtained   and  concentrated  by  dissolving  it  in  a 
fixed  oil,  wliich  is  itself  destitute  of  odour,  such  as   oil   of  poppy 
•seeds.     The  leaves  of  the  flower  are  in  such  instances  spread  in  thin 
layers  upon  woollen  cloths  saturated  with  the  fixed  oil,  the  cloths 
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tbtti  charged  are  tbea  piled  one  vpoa  waother,  md 
A»  ection  of  a  prem. 

The  flweDtial  oils  tbit  in  specific  gmuU,  but  in  geoenl  tbcf 
are  lifter  than  water.  The  oib  are  qhuiIIj  liquid  at  ordinary 
tempetatofei^  but  oil  of  aniseed  it  mlid  at  all  tempeninrei 
bdow  60^,  If  cooled  dowly,  manir  of  them  wpMate  inlo  a 
•olid  and  a  fluid  portion,  respeedrdT  termed  afaonpfen  and 
tktopten*  This  fact  is  readily  explained  by  the  cinrumsuoiee  that 
moat  of  the  essential  oils  are  mixtnrefi  of  two  or 
chemical  compounds  which  differ  in  inolatility  and  fasihility ; 
of  tiiese  oompouads  genentlly  contains  no  osjgen,  wbilat  the  othen 
are  often  snbatances  formed  from  it  by  oxidation.  Of  these  the 
pure  hydrocarbon  is  generally  the  more  volatile ;  it  acts  as  a 
solvent  to  tlie  o^dized  compouDds^  whieh^  by  a  depression  of  tem- 
perature, may  frequently  be  s^arated  from  it  in  a  crystaUbed  foma. 

Most  of  the  essential  oils  hare  a  yellowish  ootoor,  which  j^ffCTiF 
when  exposed  to  the  air ;  during  such  exposure  they  abMrb  osygen 
more  or  less  rapidly,  and  are  thus  gradually  converted  into  a  solids 
resinous^  or  camphreous  mass.  Those  oils  which  absorb  oxyj 
the  most  rapifUy  hare  in  general  the  most  powerful  odour. 
alworption  of  oxygen  is  sometimes  attended  with  a  simultan 
extrication  of  carbonic  acid  and  water :  tliis  occurs  in  the  case 
tlie  oils  of  anise^  and  of  lavender ;  and  in  such  instances  the  result- 
ing resinous  mass  is  not  a  simple  oxide  of  the  hydrocarbon* 

The  essential  oils  are  insoluble  in  potash,  and  are  not  capable 
of  saponiiication  by  treatment  with  alkalies  :  but  if  the  oils  be  trans- 
mitted in  the  form  of  vapour  over  heated  hydrate  of  potash,  hydrogen 
is  frequently  disengaged,  and  the  oil  becomes  oxidized,  forming  an 
organic  acid  which  enters  into  combination  with  the  potash.  Oil 
of  cinnamon  may  thus  be  converted  into  ciunamate  of  potash  :*« 

Oil  of  Cinasiiuni .  CioiwmjiUt  of  PoImIu 

CibH.Oj    +    KO,  HO    =     KO,  C,gH  A    -h    2  H. 

Chlorine,  iodine,  and  bromine  act  upon  most  of  the  essential  oils,  andf 
form  conijx>unds  in  which  a  certain  number  of  equivalents  of  these 
elements  displace  a  conresiMJuding  number  of  equivalents  of  hydrogen. 
Nitric  acid  oxidizes  most  of  the  essential  oils  with  great  violence. 

The  essences  may  be  arranged  under  three  principal  divisionsy 
viz. : — A,  Pure  hydrocarbons  ;  B.  Oxidized  essences  ;  C  Sulphu- 
retted easenees^ 

The  pure  hydrocarljons  are  generally  lighter  than  water ;  the 
other  two  varieties  often  have  a  specific  grarity  greater  than 
that  of  water. 
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The  essences  which  belong  to  the  first  class  always  occur  in  a 
state  of  admixture  with  a  larger  or  smaller  proportion  of  an 
Oisidixed  compound. 

{A,)  Pure  Hydrorarbons, 

(1186)    The   group    of  cheraical    compounds  formed   by  the 

[essential  oils  which  contain  no  oxygen  presents  many  interesting 
features :    sixteen   or  twenty  of  these  substances    are    isomeric. 

[^ These  isomeric  bodies    may  be   subdivided  into  two  metameric 
in  one  of  which  the  molecule  is  represented  by  C^ijHj^ ; 

I  to  which  class  oil  of  turpentine  belongs  \  in  the  other,  the  mole- 
cule of  the  oil,  like  that  of  essence  of  cubebs,  is  represented  by 
C^H^^*     The  meml)ers  of  each  of  these  groups,  notwithstanding 

[the  diversity  of  their  odour  and  taste,  are  strictly  metameric; 
equal  weights  yieldiug  exactly  equal  volumes  of  vapour.  The 
first  of  these  groups,  the  members  of  which  are  termed  ierebenes 

I  or  eamphogejis,  is  the  more  iinmcrous  and  imixirtant.  !Many  cha- 
racters, both  chemical  and  physical,  are  common  to  all  the  members 
of  the  group  :  for  example,  they  have  a  specific  gravity  in  the  liquid 
form  closely  approaching  to  0*860  ;  and  the  boiling-point,  though 

.  subject  to  greater  variations,  in  most  instances  is  very  near  330**, 
Many  of  the  terebenes  cannot  be  distinguished  from  each  other 

I  except  by  their  action  upon  polarized  light ;  some  varieties  of  oil 
of  turpentine,  for  example,  cause  left-handed  rotation  of  a  ray  of 
polarized  light ;  oil  of  lemous  produces  rotation  to  the  right  hand  ; 
irhilst  other  oils  are  destitute  of  rotatory  action  upon  the  plane  of 
polarization.  A  alight  change  in  the  molecular  arrangement  of  the 
constituent  particles  of  these  Ixjdics  modifies  their  action  upon  polar- 
ized light,  for  it  has  Ix^eu  found  tliat  oil  of  turpentine  by  peculiar 
treatment  at  a  high  tem[>eratm*e  may  be  deprived  of  its  rotatory 
power,  although  it  retains  its  usual  chemical  properties  (1189)* 

The  tci'ebenes  rapidly  absorb  dry  hydrochloric  acid  gas,  and 
yield  compounds  termed  aritjiciai  camphors ;  some  of  these  bodies 
crystallise,  and  in  appearance  and  proi>ertics  much  resemble 
natural  camphor  \  while  others  of  the  oils  form  combinations  with 
the  acid  equally  definite,  but  which  retain  the  liquid  form,  Oil 
of  turpentine  and  oil  of  lemons  both  form  solid  compounds  with 
hydrochloric  acid    as   well   as   liquid  ones ;  but  the  oils  of  black 

I  pepper  and  of  bergamotte  form  only  liquid  compounds  v — 

JlrtiflciiU  CiUnpbori. 

Prom  oil  of  turpentine    >      ,. ,  C    Cg^Hj^,  HCl 
From  oil  of  lemons   .     .  j  \    C^^i^,  2  HCl 

^rom  oil  of  black  pepper)  ,.     . ,  (slCjwHie)  8  HCl 
tim  oil  of  bergan  '"^"'"^  btC^^H,,)  HCl,  HO. 


MxnnciAi. 
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hydrofarofiuc,  and  tbe  bjdriodic^ 

ABothesT  raBttkftbfe  festnfc  of  tji^  teirii^B^  »  t] 
wUck  Oiejr  po«Ki»  of  combiaiaK  witli  wstcr,  aiid  diw 

•olid  Toktile  crystalline  suhrtancei  wioA  h^we  m  still 
to  impfaor  biHli  in  eompotttiaD  and  properties  than  the  hyd^ 
cUone  compoimda.  MerecooiBet  cxT  the  oil  with  w«ier,  or' with 
aleohol  shglitly  acidulated  with  nitric  acid,  in  noet  instaiioea  ^res 
luetothe^eoompoiiiidi;  oil  of  turpentine  famishing  not  fewer  than 
A«c«ich  hydrates,™.;  ierpime  (C^»^  4  HO,  a  A<i) ;  (C^H|.. 
4  HO);  and^eyytiwa,(C^i^HO);  thefiiat  two  are  soUd,  the  last 
is  liquid.  Ofl  of  lemodn  givea  two  such  compoandsy  rim. ;  (C^H 
6  HO)  and  (C»H|^  4  HO) ;  and  ofl  of  jumper  one  anch  hydrate 
(Cii»H|g^  4  HO) :  the  camphor  of  the  Dryobaiamopf  fumphut  mi  or 
Borneo  camphor,  ccmaistd  of  C^H«,  2  HO. 

All  these  Tarieties  of  camphor  when  dtsdHed  with  aahydnms 
phosphoric  acid,  lose  their  water,  and  yield  faydrocarhons,  having  the 
composition  Cjg^H^^;  ordinary  camphor,  C^Hi^O^,  when  similarly 
treated,  also  gives  a  hydrocarbon  termed  cymole  (C^HjJ,  Indeed, 
the  simple  act  of  snblimation  deprires  the  camphor  or  solid  hvdrate 
(Cyi^i^  6  HO)  of  the  oik  of  turpentine,  of  lemon,  and  of  berga- 
motte  of  two  equivalents  of  their  water ;  the  sablimed  camphor 
in  eaeh  case  being  represented  by  the  formula,  C^H,^  4  HO. 

The  terebenes  when  exposed  to  the   air  absorb   oxygen ;  they 
become   brown  and   viscid ;    and   are   ultimately   converted   into 
resins.     In  many  instances  this  oxidation  may  be  regarded  as  a 
ample  substitution  of  oxygen  for  hydrogen,  the  number  of  equi- 
Talents  of  oxygen  alisorbed  corresponding  exactly  to  the    number  ^ 
of  equivalents  of  hydrogen  removed  in  the  form  of  water,  hut  in  fl 
other  cases  this  constitutes  only  the  first  stage  of  the  proce^,  and 
an  additional  quantity  of  oxygen  combines  with  the  newly  formed 
oxide ;  a  good  example  of  the  latter  mode  of  oxidation  is  seen  in 
the  conversion  of  the  liquid  oil  of  lemons  into  the  soUd  i — 
Cj^^HioHfl    +    Oie    =    C^^HioOe,  O^    +    6  HO, 
(1187)  Oil  or  Turpentine  (C^Hj^).    Sp.  ffr.  of  Uquid  086^ , 
ofvapoiir  476. — Various  species  of  pine,  when  wounded,  pour  out 
a  semisolid  resin,    of  which  there    ai'c   different    varieties:    that 
obtained  from  the  Pinus  abies  constitutes  common  turpentine ;  that 
from  the  larch  is  known  as  Venice  turpentine ;   and  that  from  the 
Pi4itiicia  itntiscuif  forms  Chiau  turpentine. 

If  the  turpentine  of  the  Finns  abies^  or  of  the  Pinus  sylvestris^ 
be  distilled  with  watci%  it  yields  neai'Iy  oue- fourth  of  its  weight 
of  essential  oil :    this  oil  pusses  over  with  the  vapour  of  water  as 
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a  volatile,  limpid,  very  inflammable  liquid,  of  a  penetrating  well- 
known  balsamic  odour.  The  re^sidue  in  tlie  retort  constitutes 
common  rosin  or  cohphony.  Oil  of  turpentine  boils  at  320"*,  and 
may  be  distilled  unchanged.  It  mixes  freely  with  alcohol  and  ether, 
but  not  with  water ;  it  dissolves  the  tixeti  and  essential  oils,  and  is 
largely  used  in  the  preparation  of  many  kinds  of  varnit4ij  since  it 
readily  dissolves  the  resins,  and  on  valatilizing  leaves  them  behind 
in  the  form  of  a  trausparent  coating  upon  the  surface  of  the 
objects  to  which  it  had  been  applied.  Oil  of  turpentine  dissolves 
sulphur  and  phosphorus  witli  faciUty ;  it  is  also  one  of  the  beat 
solvents  for  caoutchouc.  Most  of  the  camjikine  sold  in  England 
produces  a  right-handed  rotation,  and  is  said  to  be  furnished  by 
the  Pinm  amtralis  of  the  southein  States  of  North  America. 

Commercial  oil  of  turpentine  fi*equeytly  consists  of  a  mixture 
of  several  isomeric  hydrocarbons,  which  act  differently  on  polarized 
light.  The  rotation  occasioned  by  Bordeaux  turpentioc,  which  is 
produced  chiefly  from  the  Pim(^  mariiima,  is  left-handed,  but  the 
amount  of  the  rotation  varies  in  different  samples,  according  to 
the  proportion  in  which  the  oik  arc  mingled.  According  to 
Berthclot,  if  the  ordinary  Bordeaux  turpentine  be  distilled  in 
vacuo  J  after  satui^ating  the  acids  which  it  contains,  a  homogeneous 
hydrocarbon,  terebenthvne,  (sp.  gr.  0*864,  at  59"*)  is  obtained.  It 
boils  between  318''  and  325°.  It  is  endowed  with  left-handed 
rotatory  action  upon  a  polarized  ray  to  a  definite  extent. 
_  {1188)  Modijicaimui  of  Oil  of  Turpeniine. — Dcville  {Ann*  de 

p  Chimie,  II.  Ixxv.  37,  and  III.  xxvii.  80)  and  Berthelot  (/*.,  III. 
xxxix.  5)  have  carefully  studied  the  modifications  of  which  oil  of 
turpentine  is  susceptible  without  undergoing  any  change  in  the 
pi"oportion  of  its  components.  Some  of  thciie  modifications  retain 
their  rotatory  power  upon  polarized  light,  whilst  others  are  inactive 
in  this  respect : — 

a.  Active  Modifications, — ^Whcn  English  essence  of  turpentine 
is  simply  heated  in  a  closed  vessel  to  460"^  or  480°,  it  becomes 
converted  into  a  mixture  of  several  compounds,  which  boil  at 
different  temperatures ;  two  of  these,  htotertbenihene  and  metatere- 
benihene,  may  be  separated  from  each  other  by  fractionated  distil- 
lation. These  modifications  may  be  produced  at  a  lower  tempe- 
rature if  the  essence  be  heated  with  water,  or  with  the  chloride  of 
calcium,  of  strontium,  of  zinc,  or  of  ammonium.  Fluoride  of 
calcium,  as  well  as  many  organic  acids,  such  as  the  acetic,  oxalic 
and  tartaric,  also  produces  similar  effects. 

I.  hoterebenthene  (*?//.  ^r.  0*843,  at  7i*').^-This  is  a  colour- 
less liquid  having  an  odour  of  stale  lemons*  It  boils  at  about  350"*, 
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It  exerts  a  left*liaBtlcd  rotation  upon  polarised  light,  but  the  in- 
teu^ity  of  this  power  appears  to  vary  with  the  duration  and 
intensity  of  the  heat  to  whicli  it  has  been  exjx^sed.  It  may  be 
made  to  yield  a  crystalline  hydrate,  and  a  solid  hydrochlorate. 

2*  Meiaierebenthem  {Sp,  ffr.  0*913,  at  68"). — This  body  farmfl 
at  least  one-third  of  the  entire  quantity  of  the  essence  submitted 
to  heat ;  it  constitutes  the  residue  left  in  the  retort  after  all  the 
matters  volatile  below  660°  have  been  expelled.  It  may  be  vohi- 
tilized  wittiout  decomposition  at  a  temperature  somewhat  beyond 
this.  It  u  a  viscous  yellowish  body,  possessed  of  a  strong  dis- 
agreeable odour,  and  a  tendency  to  rapid  oxidation.  It  exerts 
a  Icft-lmndcd  rotatory  power  upon  polarised  light. 

Intermediate  between  these  two  bodies  are  other  iBomeric 
compounds,  of  intermediate  boiling-points;  but  they  have  not 
been  specially  examined. 

L  Inaclive  Modifications, — Besides  these  modifications  which 
retain  their  rotatory  power,  four  other  forms  of  the  essence  have 
been  procured,  which  exert  no  action  upon  polarized  light.  These 
eubstances  are : — 

1*  Terebene  ]  3,  Camphilene  or  dadyl 

2.  Colopheiie  ]  4.  Terebilenc  or  peucyL 

The  first  two  have  been  obtained  by  acting  upon  oil  of  turpentine 
with  sulphuric  acid ;  the  last  two  by  decomposing  artificial 
camphor  by  means  of  quicklime  (1189), 

In  order  to  procure  terebene  and  colophene,  Deville  mixes  oil 
of  turpentine  with  about  aVth  of  its  weight  of  oil  of  vitriol^  in  a 
tla^k  w^hich  is  artificially  cooled.  After  brit^k  agitation,  the  mix- 
ture becomes  viscous  and  of  a  dark  red  colour.  It  must  be  left 
at  rest  for  twenty-four  hours,  during  which  time  it  separates  into 
two  layers^  the  lower  one  being  nearly  black  and  strongly  acid. 
The  clear  liquid  is  then  to  be  decanted  and  gently  heated : 
bubbles  of  sulphurous  acid  escape,  and  the  colour  gradually  dis- 
appears, whilst  the  liquid  becomes  converted  into  a  mixture  of 
terebene  and  colophene.  Upon  subjecting  the  mixture  to  distil^ 
lation,  terebene  passes  over  in  the  first  portions,  and  when  recti- 
fied from  a  fresh  portion  of  oil  of  ritriol,  is  obtaiocd  in  a  state 
of  purity.     The  last  portions  of  the  distillate  consist  of  colophene. 

Tettbene  has  a  characteristic  odour,  re^icmbling  that  of  oil  of 
thyme*  It  Iwils  at  the  same  temperature  fis  the  unmodified 
essence  of  turpentine,  yiehUng  a  vapour  of  the  same  density,  but. 
it  is  less  prone  to  oxidation.  It  combioes  with  hydrochloric  acidj 
and  forms  a  liquid  compound^  a  {C^Hi^  HCl, 
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Colophene  [Sp,  gr.  of  liquid  0*940)  yields  a  yapoiir,  the  density 
of  which  is  twice  as  great  as  that  of  terebene,  with  which  it  is 
polymeric.  It  absorbs  hydrochloric  acid,  and  forms  witli  it  a 
compound  of  the  colour  of  indigo.  In  order  to  obtain  colophene 
in  a  state  of  purity,  it  must  be  rectified  from  ati[alloy  of  potassium 
and  antimony  (703).  Colophene  may  also  be  produced  by  the  dis- 
tillation of  colophony,  from  which  it  derives  its  name.  When 
viewed  by  direct  light  it  is  colourless,  but  it  exhibits  the  fluorescent 
character  in  so  marked  a  degree,  that  iu  particular  directions  it 
appears  of  a  deep  indigo  blue.  It  is  slightly  viscous,  and  boils 
between  590°  and  600"", 

(1189)  Arlijicial  Camphors,  and  Otis  obtained  from  them,— li 
has  already  been  stated  that  essence  of  turpentine  combines  with 
hydrochloric  acid,  with  which  it  may  be  made  to  form  two  com- 
pounds, Ca^Hie,  2HCI;  and  tViHi^,  HCl, 

The  first  of  these  bodies  may  be  obtained  by  allowing  the 
essence  of  turpentine  to  remain  for  some  weeks  in  contact  with  an 
excess  of  a  solution  of  concentrated  hydrochloric  acid.  It  forms 
flattened  rectangular  prisms,  which  have  an  aromatic  odour 
resembling  that  of  oil  of  thyme.  It  is  fusible  at  111'',  and  is 
decomposed  by  distillation. 

The  second  compound  (CooHia,  HCl)  is  obtained  by  trans- 
mitting dry  hydrochloric  acid  gas  into  the  artificially  cooled 
essence  of  turpcutiue  so  long  as  it  is  absorbed.  As  soon  as 
this  absorption  ceases,  the  compound  must  be  submitted  to 
the  action  of  a  freezing  mixture  of  snow  and  salt,  by  winch 
it  is  separated  iuto  two  portions,  one  of  which  crystallizes, 
whilst  the  other  remains  liquid,  even  at  o"*  F.  The  production 
of  the  liquid  compound  is  favoiu*ed  by  elevation  of  tempcratiu*e ; 
if  the  temperature  of  the  essence  be  raised  to  111'^  during  tlie 
absorption  of  the  hydrochloric  acid,  the  liquid  compound  only  is 
formed.  Both  the  solid  and  the  liquid  portion  are  found,  on 
analysis,  to  possess  the  same  composition  {C^^^i^^^  HCl).  The 
solid  body  has  been  tcraicd  hydrochhraie  of  aimpheji^  or  of  dudyL 
It  crystallizes  in  white  prisms,  wliich  have  an  aromatic  smell  and 
taste,  resembling  that  of  ordinary  camphor.  It  is  insoliil>le  in 
water;  alcohol  dissolves  one-third  of  its  weight  of  it.  This  arti- 
ficial camphor  melts  at  239%  and  boils  at  329%  at  the  same  time 
imdergoing  partial  decomposition. 

Camphene^  Camphilene  or  Dadyl. — If  the  vapour  of  this  hydro- 
chloric compound  be  transmitted  over  heated  quicklime,  it  is 
decomposed,  chloride  of  calcium  and  water  are  formed,  and  a 
body  termed  camphilene  (UevLUe)j  having  the  composition  of  oil 
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of  turpentine,  is  liberated ;  this  body  may  again  be  combined 
T*ith  liydrocbloric  Jicid^  in  which  case  the  solid  artificial  camphor 
is  reproduced.  Camphilene  boils  at  273''.  It  is  entirely  deroid 
of  the  power  of  rotation  upon  a  ray  of  polarized  light. 

The  liquid  hydrochlorate  has  been  termed  hydrochlarate  of 
peticyl :  it  is  somewhat  viscous^  and  has  a  sp.  gr.  of  I'oij,  If 
it  be  distilled  with  quicklime,  tereMene  (Deville),  another  hydro- 
carbon isomeric  with  essence  of  turpentine,  comes  over ;  it  pos- 
eesaes  no  rotatory  power  iiix>n  polarized  light.  When  again  com- 
bined T^ith  hydrochloric  acid,  it  furnishes  a  liquid  uncrystallizable 
compound. 

Oil  of  turpentine  is  not  the  only  one  of  these  essential  oils  or 
hydrocarbons  which  exhibits  this  remarkable  facility  of  assuming 
different  isomeric  states  under  the  influence  of  heat  and  of  acids. 
Oil  of  lemons  pixxluces  an  analogous,  though  difierent  series  of 
modified  prodncts,  and  most  probably  the  greater  number  of 
the  essential  oils,  which  arc  isomeric  with  oil  of  turpentine,  would 
be  foimd  to  furnish  like  results  when  subjected  to  similar  treat- 
ment. 

Htjdrates  of  Oil  of  Turpentine, — Mention  has  been  already 
made  (1186)  of  the  power  which  oil  of  turpentine  possesses  of 
slowly  combining  with  water,  and  forming  crystalline  compounds. 
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One  of  these,   (C^Hjg,  6  HO)  may  be  obtained  in  the   form  of  ^| 
rhomboidal  prisms,  by  agitating   together  frequently,   for  two  or       ' 
tlirec  days,   a  mLxture  of  4  measiu*es  of  oil  of  turpentine,   i  of  , 
nitric  acid,  sp.  gr.  1-36,  and  3  of  alcohol,  sp.  gr*  0840*      In  thei 
course  of  a  month  or  six  weeks,  especially  if  it  he  exposed  to  the 
sun's  rays,  voluminous    ci^stals   arc   formed.      This  hydrate  is 
soluble  in  22  parts  of  boilitig  water,  from  which  it  crystallizes  on 
cooling.    It  is  also  freely  soluble  in  alcohol,  ether,  oil  of  turpentine, 
and  acetic  acid.     IMicu  sublimed  it  loses  2  equivalents  of  water,  ^J 
and  is  converted  into  the  hydrate  with  4  HO.  ^| 

The  hydrate  (C^oIIi^,  4  HO)  may  also  be  procured  when  oil  ^ 
of  tur|K"ntiue  and  water  are  brought  into  contact,  especially  if  the  , 
temperature  be  maintained  at   about   120°:   the  crystals  of  thiaj 
substance  fuse   at  302'',  and  boil  at  482^      It  may  be  sublimed] 
without  being  decomiiosed,  and  yields  a  vapour  of  the  sp,  gr.  6"257. 
When  exposed  to  the  air  it  absorbs  water,  and  becomes  reconverted 
into  the  hydrate  with  6  HO. 

A  third  hytkate,  termed  ter^nnol  (C^Hjq,  HO,  Bp.  gr,  0*852), 
-which  is  liquid  at  ordinary  temperatures,  may  be  obtained  by  dis- 
solving either  of  the  preceding  by  dilates  in  boiling  w^ater,  adding 
a  little  bydix)chloric  or  sulphuric  acid,  and  distilling.     Terpinol 
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les  orer  as  an  oily  liquid,  with  an  odoiir  like  that  of  hyacinths. 
It  boils  at  334*-". 

(1189  l^h)  Products  of  the  Ovhlalhn  of  OH  of  Turpentine. — 
Besides  the  resins  which  are  formed  by  the  spoutaneous  oxidation 
of  essence  of  tnrpcatiue,  various  conipomids  may  be  obtained  from 
it  by  artificial  processes  of  oxidation. 

When  the  essence  is  distilled  with  bichromate  of  potash  and 
sulphuric  acid,  foi^niic  acid  is  produced  abundantly.  If  it  be  dis- 
tilled with  water  and  chloride  of  lime^  a  copious  extrication  of 
carbonic  acid  takes  place  with  tumult uona  violence,  and  chloro- 
form is  found  in  the  products  of  the  distillation.  Chlorine  acts 
violently  upon  oil  of  turpentine,  the  reaction  being  often  attended 
with  sufficient  heat  to  inliarae  the  mixture. 

If  oil  of  turpentine  be  heated  gently  with  oxide  of  Icatl,  it  ab- 
sorbs oxygen  rapidly, and  becomes  converted  into  formic  and  tcrethiic 
acidsj  which  enter  into  combination  with  the  oxide  of  lead : — 

OilofTnrp.  Tpretiaie  Aeid,  Formic  Acid. 

Teretinic  acid  is  soluble  in  alcohol,  from  which  it  may  be  obtained 
crystallized  in  tufts  of  delicate  colourless  needles :  it  is  insolulde 
in  water,  JMost  of  the  compounds  of  this  acid  with  the  metallic 
oxides  are  insoluble  in  water,  but  soluble  in  alcohol. 

If  a  few  teaspoonsful  of  essence  of  turpentine  be  introduced 
into  a  jar  nearly  filled  with  oxygen  gas,  standing  over  water,  and 
exposed  to  the  rays  of  the  sun,  the  interior  of  the  jar  speedily 
becomes  coated  with  brilliant  crystals  of  hydrafed  oxide  of  tiir- 
pentim  (C^W^^fy^i  t  110)*  This  substance  may  be  dissolved  in 
alcohol,  from  whiclt  it  may  be  obtained  in  crystals.  It  is  also 
soluble  in  ether  and  in  boiling  water* 

Xitnc  acid  acts  riolently  upon  oil  of  tnrpcntine ;  the  two 
liquids  must,  therefore,  be  mixed  very  cautiously.  As  the  result 
of  the  action,  a  yellow  resin  is  farmed,  and  a  quantity  of  oxalic 
and  terebic  acid  (1253),  besides  three  other  acids,  one  of  which  is 
fusible  and  may  be  sublimed ;  it  is  termed  terebenzic  acid  (HO, 
CulI^O^),  The  second  is  isomeric  with  phthalic  acid,  and  is 
hence  termed  ierephikaiie  acid  (HO,  C^H.^Oa) ;  it  is  insoluble  in 
water,  alcohol,  and  ether.  The  third  is  termed  terechrijsic  acid 
(HO,  C^jH/)^)  in  allusion  to  its  yellow  colour  j  it  is  very  soluble 

Liu  water,  aud  is  not  susceptible  of  crystallization. 
(1190)   Other  Essences  which  yield  oils  isomeric  with  Oil  of 
Turpentine, — The    following  are  some    of  the   principal   essences 
zrm_ 
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1.  Oil  of  Bcrgamotte  {Sp.^r.  0.869),  which  is  obtained  from  die 
rind  of  the  rijie  fruit  of  the  bergamottc  or  lime,  consists  of  two 
portions,  viz.^  a  hydrocarbon  (C20H-H)),  and  a  solid  substance 
(C3t,IIi()Oj(,),  which  may  be  supposed  to  be  formed  from  the  liquid 
essence  by  oxidationj  3  (CooH^J  f  0^=2  (C^oHioOk,)  -h^H  HO. 

2.  Oil  of  Lemons  also  contains  a  solid  oxidized  essence  in  small 
quantity  (CaoHjoOio),  but  the  bulk  of  the  oil  consists  of  a  hydro- 
carbonN(C2oHie),  which  may  be  obtained  in  a  state  of  purity  by 
distilling  the  crude  essence.  This  liydroearbon  is  susceptible  of  a 
variety  of  modifications,  analogous  to  those  which  may  be  produced 
in  oil  of  tur|}€ntine»  The  essential  oil  from  the  rind  of  the 
orange  appears  to  be  idcnticftl  with  the  essence  of  lemons. 

3.  Oil  of  AWoii  is  the  fra^ant  oil  obtained  from  the  blossoms 
of  the  orange  tree.  It  is  colourless  when  recently  distilled,  but 
becomes  red  by  exposure  to  light,  or  by  admixture  with  sulphuric 
acid.  This  oil  also  consists  of  a  hydrocarbon  C^oHig,  and  of  an 
oxidized  [wrtion  which  is  solid  and  destitute  of  odour,  the  fragrance 
of  the  oil  Ijeiug  due  to  the  hydrocarbon. 

4.  The  oil  of  the  common  birch,  which  is  used  in  the  prepara- 
tion of  Russia  leather,  to  which  it  imparts  its  agreeable  odour,  is 
obtained  from  the  tar  fiu^iished  by  the  imperfect  combustion  of 
the  bark  of  the  tree.  It  consists  of  a  mixture  of  several  oils, 
amongst  which  the  principalis  the  hydrocarbon  C^^jHig,  which  may 
be  isolated  by  repeated  fractionated  distillation* 

5.  Essence  of  Camomile :  of  this  there  are  two  varieties,  one 
of  which  is  obtained  from  the  Anthemis  nobilis ;  it  is  of  a  greenish 
colour,  and  consists  of  a  liydroearbon  (Cj^jHig),  and  an  oxidized 
portion  (Ci^Iij^O^  ?),  which  when  heated  with  hydrate  of  potash  is 
converted  into  angclate  of  potash  (KO,  Ci^^HyOa),  with  evolution  of 
hydrogen  ( 1 1 75) .  The  second  variety  is  obtained  from  the  Ma* 
tricanu  ckamomiUa.  It  is  remarkable  for  its  deep  blue  colour :  it 
contains  an  oxidized  oil  {CaoHioOi)!  which  has  the  composition  of 
laurel  camphor.  It  may  be  distilled  without  change,  and  rem; 
liquid  below  33°. 

The  oil  of  the  Achilka  millefoHum  is  also  distinguished  by 
beavitiful  blue  colour,  liut  it  has  not  been  minutely  examined 

6.  Essence  of  Jumper  boils  at  320"*.  It  produces  left-handod 
rotation  on  a  ray  of  polarized  light,  and  if  left  in  contact  with 
water  gradually  deposits  a  white  crystalline  hydrate  (Cj^jHig,  2  HO). 

(i  191)  7.  Oil  of  Carraway  (Sp.gr,  0*93 8)  is  obtained  from  the 
seeds  of  theCffrw/n  carvi ;  it  consists  of  two  portions;  the  hydrocarbon 
(CaoHj^)  has  been  termed  carvene ;  the  oxidized  portion  is  known  as 
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earvole.  Can  ene  is  a  very  fluids  colourless  oil,  lighter  than  water, 
witli  a  slight  agreeable  mlour  and  an  aromatic  tmie  ;  it  absorbs 
hydrochloric  acid  gas,  and  forms  with  it  a  crystallizable  solid  which 
aelts  at  12^"^.  Carv'ole,  Cj^^Hj^O^,  is  a  liquid  of  sp.  gr.  0.953°  J  ^^ 
^lyoils  at  about  437"^  (\'oekkcl).  It  yields  a  liquid  camphor 
(CjoHi^O^  HCl)  with  hydrocMoric  acid.  With  sulphuretted  hydro- 
gen carvole  yields  a  compound  termed  hydroBulphate  of  carvole 
(CjnTInO^j  HS)  :  this  substance  is  obtained  by  agitating  the  leas 
Tolatile  portion  of  oil  of  carraway  with  an  equal  bulk  of  alcohol 
recently  saturated  with  ammonia  and  sulphuretted  hydrogen;  it  is 
deposited  in  yellowish  crystals^  which  may  be  recrj^stallized  from 
boiling  alcohol ;  they  may  be  volatilized  without  deeompositiou. 
If  this  compound  be  agitated  with  au  alcoholic  solution  of  potash 
it  is  decomposed,  pure  carvole  is  liberated  and  dissolved  by  the 
alcohol,  and  on  the  addition  of  water  it  rises  to  the  surface  in  the 
form  of  an  oily  layer. 

(i  192)  8.  Oii  of  Cloves  (Sp.^.  1-055—  1 -060). — The  berries  of 
the  pimento  and  the  uucxpauded  buds  of  the  CuryophyUm  aroma- 
iicus  or  *'  cloves,"  yield  an  essential  oil  which  is  not  solidified  by 
a  cold  of  p*^  F,  It  consists  chiefly  of  a  hydrocarbon  isomeric  with 
oil  of  turpentine,  holding  in  solution  an  acid  body  termed  eugenic 
acid  (C^^HjgO^?).  This  acid  forms  a  colourless  liquid  of  sp,  gn  1^079, 
which  emits  the  odour  of  oil  of  cloves^  It  boils  at  469*^  (Ettling),  and 
forms  crystallizable  salts  with  the  alkalies.  Two  other  crystal- 
lizable substances  are  obtained  from  oil  of  cloves ;  one  of  them  is 
named  eut/enin,  aud  is  said  to  be  isomeric  with  eugenic  acid.  The 
other,  termed  caryopIujiUn,  CaoHiiiO^,  is  isomeric  with  ordinaiy 
camphor ;  it  is  gradually  deposited  from  the  oil  in  crystalline 
needles. 

9.  Oii  of  Ginger  (Sp.gr.  0^893)  is  yellow,  and  intensely  burning 
and  aromatic*  It  boils  at  about  475^  It  appears  to  have  the 
oompositioa  of  a  hydrate  of  a  hydrocarbon  isomeric  with  oii  of 
turpentine,  4  (C^jHj^)  5  HO. 

{1 193)  10.  Oil  of  Cubehs  {Sp,gr,  0*9 29) .—When  cul>ebs  {Piper 
cubeba)  are  distilled  with  water,  they  furnish  au  essence  which  is 
colourless  and  somewhat  viscous ;  it  has  a  camphreous,  aromatic 
tajstc.  It  boils  a  little  below  500"*,  aud  when  distilled  yields  a 
hydrocarbon  which  furnishes  a  crystalline  compound  with  hydro- 
chloric acid,  consisting  of  (C30H34,  %  HCl),  This  substance  fuses 
at  268".  'Wlicn  essence  of  cubebs  is  rc-distilled  with  water,  it 
dei>osits  a  species  of  camphor  [C^ll^  2  HO),  which  melts  at  154% 
and  may  be  distilled  at  302"*  without  decomposition*     The  essence 
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graditaUy  beooiaee  oridiaed  br  ^Epoaore  to  the  air,  and  tlie  db- 
^  of  Valerie  acid  b  drrekiped.  In  its  pore  form  its 
cdoor  ta  but  lEi^,  reaemUiDg  tkal  of  faatf  .  Sulplmric  add  dis- 
woUeM  it,  and  forms  a  blood-red  sohitioo,  wbidi  contains  a  colli- 
gated mlpho-actd. 

(1195)  14.  Oil  of  Thnpne^ — ^This  ooiMdita  of  an  oxidized  por- 
tion, ikyfmUt  and  of  a  fajdrocarbon,  tAjfimene,  The  latter  oonstUJ 
tutct  the  more  volatile  portion  of  the  oil ;  it  has  an  agreeable 
oclour  of  the  plant :  it  boils  at  329'',  and  exerts  no  action  on 
\Hi\iinzed  light*  Thymok,  C»Hi40t,  i»  isomeric  with  cttminic 
alcobol ;  it  haa  the  agreeable  odour  of  thyme,  and  constitutea 
about  one-half  of  the  essence  of  thyme.  It  is  a  solid  which  crya- 
tallizea  in  oblique  rhombic  prisms :  it  fuses  at  111*  and  boils  at 
446%  giving  off  a  vapour  of  sp.  gr.  5*ji*     It  is  very  soluble  in 
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I  alcohol  and  in  ether.     This  substance  is  also  contaiDcd  in  the  oil 

►  of  horse-mint  (Monarda  punctata),  and  in  an  Indian  plant,  the 

Ptychotis  ajowan.    Thyniole  combines  with  suliihuric  acid  and  forms 

a  coUigated  acid,  the  suiphothijmylic  (HO,  Cai^lii^jO,  S^O^),  which 

'  is  analogous  to  the  sn]  phctliylic. 

According  to  Lallemaud,  when  thyraole  is  treated  with  oxi- 
\  diziog  agents  such  as  chromic  acid,  or  a  mixture  of  peroxide  of 
I  manganese  and  sulphuric  acid,  it  yickk  a  substance  termed 
thyntoile  (CjilliflO^),*  which  sublimes  in  brilliant  ornn^-coloured 
quadrangular  plate*,  of  an  aromatic  odour  and  an  appearance 
resembling  that  of  kinone  (i  127),  with  which  it  is  homologous.  If 
treated  with  sulphuroiLs  acid  or  other  reducing  agents,  it  combines 
with  hydrogen  and  yields  tkymoihie  (Ca^Hi^O.^),  the  homologne  of 
hydrokinone;  and  by  mixing  a  solution  of  ctpial  weights  of  thy- 
moile  and  thymoilole  in  Ixjiling  alcohol^  the  liquid  immediately 
becomes  of  a  deep  red  c-olour,  and  deposits  beautiful  violet-cx>loim?d 
prismatic  cryatalsj  which  have  a  bronze  lustre.  These  correspond 
to  what  has  been  termed  green  hydrokinone* 

(1196)  Essences  which  contain  other  Hydrocarbons, — 1.  Oil 
of  Peppermint. — This  essence  when  dlstillefl  with  anhydrous 
phosphoric  acid,  yields  a  hydrocarbon  termed  menthene,  C^^W^^^ 
The  essence  also  appears  to  contain  a  solid   hydrate  of  this  com- 

■  pound  (CgoHis,  2  HO),  which  is  analogous  to  camphor:  this  sub- 
stance may  be  obtained  in  crystals ;  it  fuses  at  93°  and  boils  at 
416**,  emitting  a  vapour  of  sp,  gr.  5*62. 

■  2.  Essence  of  Cedar  wood  is  somewhat  analogous  in  its  nature 
to  the  foregoing  oil.  It  consists  of  a  crystallizable  solid 
(Ca^H^^jOg)  dissolved  in  a  hydi'ocai'bon  [^^^^11^) 3  which  has  been 
termed  cedrene. 

3.  AUarof  Roses  cow&ht^  also  of  two  compounds,  one  of  which 
has  but  little  odour  ;  it  remains  solid  at  temjvcraturcs  below  203°, 
and  boils  at  about  592^  It  is  polymeric  with  olefiant  gas.  The 
fragrant  portion  is  liquid  ;  it  contains  oxygen,  but  its  composition 
is  not  accurately  known. 

■  The  following  tabic   includes   a  list  of  the  more  important 
B  essences  which  contain  unoxidized  hydrocarbons  : — 

^^^^  It  1ft  probable  tiint  the  formula  both  of  kinone  and  of  tlijTnoile  ahould 
he  represented  as  nne-Iialf  of  that  given  by  Gerkardt  and  Lallemand;  so  that 
I  thymoilo  should  bo  represented  as  CigH^O^,  since  it  ia  not  eawy  to  see  hon'  a 
^body  which,  like  thymol,  coutaijm  in  it«  moleeulo  only  20  equivalents  of 
B carbon,  should  by  oxidatioa  yield  a  compound  coutaiuing  34  equividenta  of 
carbon. 


C^H„  Ac  C,,H,jO, 
From  oil  of  peppermiatk 


(JB.)  Oxidized  Essences. 

(1197)  Several  varieties  of  oxidized  essential  oik  are  known; 
Yi«. : — (a)  Solid  crystallized  essences  which  have  the  composition 
of  hydrates  of  a  hydrocarljon  ;  these  constitute  the  campfiors,  of 
which    laurel    camphor   (C^H^^,  a  HO)   is  the  best  illustration. 

Indiffereni  oils,  such  as  spearmint  oil  (CjtjHj(jO,).  (r)  Oils 
which  resemble  the  aldehyds^  such  as  oils  of  bitter  almonds 
(CuHjOg,  H),  and  of  cinnamon  (CiJI.O^,  H).  {d)  Compound 
fihas,  such  as  oil  of  wintergreen  (salicylate  of  methyl,  C^HgO, 
CuH.OJ. 

(1198)  Camfbor. — From  the  statements  already  given  it  is 
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that  the  camphors  are  closely  related  to  the  different  varieties 

f  turpentine.     Two  species  of  camphor  are  known  in  the  cast| 

'meo  camphor  and  laurel  camphor ;  the  one  called  Borneo  cam- 

Uor  (Ca^iHi^Ov)  is  obtained  fnira  the  Dryobalannps  camphora^  and 

[{s  so  highly  prized  by  the  natives   of  the  east  that  but  little  of  it 

ods  its  way  into    the  European   market. 

Laurel  Camphor  (C2i>IIi,^0j)  sp.  gr,  of  solid  0*996 ;  of  vapour 
3147, — Thi«i  couiititutej^  the  common  camphor  of  the  shops.      The 
cooimercial  snpijly  is  furnished  by  the  Laurtis  cajnphora,  but  it  is 
produced   in   small   quantity   by   many   other   plants^   which 

ar  to  furnisli  it  by  the  oxidation  of  their  essential  oils.  This 
easily  understood,  since  the  formula  of  this  substance  is  the 
MJDe  aa  that  of  oil  of  turpentine,  to  which  two  equivalents  of 
oxygen  have  been  added.  The  oils  of  lavender,  of  rosemary,  and 
of  marjoram^  and  those  of  several  of  the  labial tp,  such  as  the  oils 
of  pennyroyal  and  of  spearmint,  contain  camphor  in  solution. 
Amber,  and  the  oils  of  valerian^  tansy,  and  sage  fil so  yield  it  \^heu 
treated  with  nitric  acid* 

Three  isomeric  modifications  of  camphor  are  known ;  they 
cannot  be  distinguished  fmm  each  other,  except  by  tlieir  action 
u\mn  a  ray  of  polarized  light  :  one  of  the  varieties  produces  rota- 
tion of  the  ray  to  the  right ;  the  second  variety  produces  left- 
handed  rotation  ;  whilst  the  third  variety  has  no  seusilde  cftect  upon 
a  jxilarized  ray.  The  eomnion  camphor  of  the  shops,  and  that 
obtained  by  the  action  of  nitric  acid  upon  Ijorueene  is  the  right- 
handed  mmlifieation.  The  camphor  contained  in  the  oil  of  Matri- 
caria parthemum  exerts  a  left-handed  rotatoiy  action  upon  a  ray 
of  polarized  light  (Cbautard)  ;  whilst,  according  to  Biot,  the  cam- 
phor deposited  by  oil  of  lavender  is  destitute  of  any  such  rotatory 
effect  upon  a  pohirizcd  ray. 

In  the  ordinarj^  process  of  extracting  camphor,  the  wood  and 
branches  of  the  camphor  laurel  are  chopped  up,  ami  placed  with 
water  in  a  rude  kind  of  still,  the  head  of  which  is  filled  with  rice 
straw*  On  the  application  of  heat  the  camphor  rises  in  vapour  with 
the  water,  and  is  condeuscd  in  the  straw*  It  is  then  submitted  to  a 
second  sublimation,  by  which  means  it  is  obtained  in  the  Ibrm  of 
the  crude,  granular  camphor  of  commerce.  This  article  is  subse- 
quently refined  in  this  country  by  placing  charges  of  10  lb.  or 
1 2  lb.  of  tlie  crude  camphor,  in  large  globular  glass  flanks,  fur- 
niehed  with  a  short  wide  neck  :  heat  is  applied  to  the  bottom  of 
these  flaaks  by  means  of  a  sand  bath,  and,  as  soon  as  the  camphor 
is  melted,  a  portion  of  lime  is  added  to  each  flask,  after  w  Inch  the 
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heat  is   steadily   maintaiDed   for   forty-eight  hours :  during   this 
period  the  camphor  is  slowly  sublimed  into  the  upper  part  of  the 
flasks  ;  when  the  operation  is  finished,  the  flasks  are  cooled,  and  at 
the  same   time  broken^  by  spriukling  them  with  cold  water ;  the 
pure  camphor  can  then  be  removed  with  facility.      The  produce  of 
this  operation  assumes    the   form    of  wlute,   tough,    tmiislucent 
masses.     Camphor  has   a  peculiar  odour  and  an  aromatic  taste, 
at  first  hot  and  afterwards  cooling.     It   floats   in   water,  and  is 
sparingly  soluble  in  this  liquid ;  but  is  dissolved  freely  by  alcohol^ 
ether,  acetic  acid,  and  tlie  essential  oils.      Although  pure  camphor 
is  tough  and  difficult  to  pulverize,  yet  if  moistened   with   a  few 
drops  of  alcohol  it  may  be  reduced  to  powder  with  facility.   When 
particles  of  powdered  caraphor  are  thrown  on  water,  each  fragment 
begins  to  be  dissolved  with  a  remarkable  and  rapid  gyratorj^  motion, 
which   is  instantly  checked   by  allowing  a  drop  of  any  essential 
oil  to  fall  upon  the  surface  of  the  water.    Camphor  fuses  at  347*^ 
and  boils  at  399**-    It  is  very  inflammable,  and  bums  with  a  white 
smoky  flame.     It  Ixjcomes  slowly  volatilized  at  common  tempera- 
tures, and  if  kept  in  glass  bottles  is  gradually  sublimed,  and  con- 
densed  in  octohedral  crystals  on  the  side  of  the  Tessel  which  is 
exposed  to  the  light.  If  a  coil  of  red-hot  platinum  wire  be  suspended 
just  over  a   lump  of  camphor,  tlie  metal  continues  to  glow,  and 
produces  a  slow  combustion  of  the  caraphor,  which  may  be  main* 
tained  so  long  as  any  portion  i-emains  unconsumed. 

If  camphor  be  heated  under  pr^sure  with  hydrate  of  potash, 
it  combines  with  both  the  potash  and  the  water ;  a  salt  termed 
campholate  of  potash  being  formed ; — 

camphor.  CAmphokte  of  PoUah. 

C^^H^    -h    KO,  HO    =    KO,  C^HiA' 
M'hen  camphor  is  distilled  with  anhydrous  phosphoric  add,  or 
wnth  di*y  chloride   of   xine,   it   undergoes  decomposiition,    and  is 
deprived  of  the  elements  of  water,  whilst  cyvwk  is  formed : — 

CuDpbor*  CjiiM}le.i 


C«,H, 


2  HO     +     C„Hi 


i 
i 


(1199)  Cumphoric  Add  (2HO,  CjoHi^Ofl). — Camphor,  when 
heated  with  ten  times  its  weight  of  concentrated  nitric  acid,  is 
slowly  oxidised,  and  becomes  converted  into  camphoric  acid.  This 
substance  is  sparingly  soluble  in  water,  but  is  freely  dissolved  by 
aleohol,  as  well  as  by  ether  and  the  essential  oils.  It  is  de- 
posited from  its  solutions  in  the  fonn  of  prismatic  needles,  which 
a  very  sour  taste  :  they  are  destitute  of  odour,  and  are  fusible 
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tt  158*,  Camphoric  acid  is  dibasic  ;  it  may  l)c  rendered  auliy- 
Irous  by  sublimation.  A  solution  of  camphoric  acid  prodeccs  a 
precipitate  in  a  solution  of  neutral  acetate  of  lead. 

It  appears  that  three  isomeric  modifications  of  camphoric  acid 
[exist ;  the  compound  just  described  is  characterized  by  its  power 
5f  producing  right-hamicd  rotation  of  a  ray  of  polarized  light; 
Ibut,  according  to  Chautard,  the  camphoric  acid  obtained  by 
[treating  the  camphor  of  the  Matnearia  parUienium  with  nitric 
Iftcidj  exerts  a  left-handed  rotatory  action  j  and  if  the  right- 
ilianded  and  left-handed  camphoric  acids  be  mixed  io  equivalent 
Iproportions,  a  compound  acid  is  obtained  which,  like  racemic  acid^is 
dei^titute   of  any  rotatory  action  ufion  the  plane   of  polarization : 

(this  mixed  acid  differs  somewhat  in  chemical  properties  from  either 
©f  ita  two  components  {Comples  Rendus,  xxxvii.  166). 
(1200)  Borneo  Camphor  (C,„H,^0^). — This  substance  differs 
from  the  preceding  variety  of  camphor  in  containing  two  equiva- 
lents more  of  hydrogen.  It  is  less  fusible  and  volatile  than  com- 
inon  carajihor,  bat  is  denser  and  harder.  It  exerts  a  right-handed 
rotatory  action  upoa  polarized  light,  but  its  power  in  tliis  respect  is 
smaller  than  that  of  ordinary  camphor,  from  which  it  can  scarcely 
f>e  distinguished  in  taste,  sniell,  solubility^  and  general  appearance. 
It  crystallizes  in  small,  transparent^  regular,  colourless,  six-sided 
HpriflmSj  which  melt  at  388*^^  and  enter  into  ebulhtion  at  413*^. 
^Bf  gently  warmed  with  nitric  acid  of  moderate  strength,  it 
HBies  two  equivalents  of  hydrogeuj,  and  is  converted  into  ordinary 
H  camphor, 

^         Borneo  camphor  occurs   in   the  Dri/of/almiops,  in  combination 

frith  an  oil  (C;j<|Hi^)  termed  bnriwmej  whiclt  has  the  composition 

B  of  ordinary  tuq^entine:  the  same  hydrocarbon  also  occurs  in  the 

essential    oil    of   valerian.      In    order    to    procure   the    eapiphor, 

punctures  are   made  into  the  wood   of  tlic  growing  tree,  and  the 

Poil  wliich  exudes  is  submitted  to  distillation ;  the  borneene  ia 
volatilized,  and  an  imperfect  separation  of  the  camphor  and  oil  is 

thus  effected.  If  borneene  he  repeatedly  distilled  with  a  solution 
B  of  potash,  it  combines  with  two  equivalents  of  water,  and  is 
"  converted  into  Borneo  camphor.     A    similar  conversion  into   the 

same  camphor  also  occurs  if  the  oil  be  dissolved  in  an  equal  bulk 

of  an  alcoholic  solution  of  potash,  and  be  left  at  rest  in  impcr- 
^  fectly  closed  vessels  for  a  few  days ;  on  dilution  with  water  the 
^  camphor  is  separated.      Borneo  camphor,  if  mixed  with  anhydrous 

phosphoric  acid  and  distilled,  loses  two  equivalents  of  water,  and 

is  reconverted  into  Ixirneene. 

Q  Q% 
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Allusion  has  already  been  made  to  other  camphofrs^  sticli  a»~ 

Cubebs  camphor  (1193)     .     .     ,     •     (C30H34,  2  HO) 

Turpentine  camphor  (11 89)  .      .     (C»H|e,  4  HO) 

Peppermint  camphor  (1196)    ,     .     .     (C^H,g,  2  HO), 

and  so  on.     These  compounds,  howeTer^  are  of  little  importance. 

(1201)  h.  Indiffareni  essential  Oils  containing  OTygen. — The  pro- 
perties of  many  of  the«e  have  been  already  mentioned  when 
8)>eaking  of  the  hydrocarbons  with  which  they  are  aaodatal 
(1190  —  1196). 

J,  Oil  of  Lavender  (Sp.  pr,  0-898). — ^The  exact  composition  d 
this  fragrant  and  well-known  oil  has  not  been  accuratdr  ascer- 
tained. It  is  soluble  in  concentrated  acetic  acid  :  when  long  k^t 
it  dej>osits  a  large  proportion  of  laurel  camphor. 

a*  Oil  of  wormwood  is  isomeric  with  laurel  camphor. 

Besides  these,  there  are  a  great  variety  of  essences  which  con* 
tain  oxygen,  but  which  have  been  but  imperfectly  examined ;  such,  J 
for  instance,  as  the  oils  of  cajeput,  of  dill,  of  maijoram,  of  penny- ^ 
royal,  of  sage,  of  sassafras,  and  of  many  other  plants. 

(1202)  €.  Oils  analogous  to  the  Aldehyds. — ^The  oils  of  hitter 
almonds,  of  spinea,  of  cinnamon,  and  of  cummin,  are  chamcter- 
i£ed  by  forming  crystallized  comiKJunds  with  bisulphite  of  soda, 
and,  like  the  aldehyds  of  tlie  series  homologoua  with  ordinary 
alcohol,  they  exhibit  a  strong  tendency  to  form  acids  by  the 
absorption  of  two  equivalents  of  oxygen.  The  oils  of  this  claasi, 
however,  differ  from  the  ordinary  aldehyds  in  the  facility  withfl 
which  they  allow  the  displacement  of  one  equivalent  of  the  hy-  n 
drogen  which  they  contain  by  an  equivalent  of  chlorine,  of  sulphur, 

of  cyanogen,  and  of  various  electro-negative  elementa.  Thcv 
have  been  r^arded  as  hydrides  of  pecuUar  oindized  radicle ;  fti 
axample: — 

Oil  of  bitter  almondB  Oj^Hji  O.,  H  —  Bz,  H    Hydride  of  bensorl 
Oil  of  eummiii     *    .    C^^iHiiOj,  H  =  Cu,  H     Hydride  of  cmnyf 
Oil  of  cinnamott  .    .    O^Jlj  O^,  H  =  Ci,  H     Hydride  of  cinnamyL 

In  describing  these  oOs  it  will  be  convenient  to  consider  their 
most  imiK)rtant  derivatives,  which  are  very  numerous,  and  embrace 
com[K>unds  many  of  which  present  several  iioints  of  interest. 

lu  this  section  the  following  compounds  will  be  examined : — 

I,  ISsa^ce  of  bitter  almonds. — Benzoic  series. — Hippuric  acid. 

%%  fiMQUCO  of  cummin, — ^Cuminie  series. 

J*  XMimoa  of  cinnamon, — Cinnamic  series. — Coumarin. 

4,  Satenco  of  spinea, — Salicylic  series. — Salicin, 

5^  BlMCilifffl  ol'  anisi^xl. — Anisic  series. 
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I.  Essence  of  Bitter  Ahnonds. — Benzoic  Series. 

(1203)  The  essence  of  bitter  a!  moods  is  the  most  important 
f  member  of  the  group  of  oxidbed  essential  oils.  It  formed  the 
subject  of  a  remarkable  memoir  by  Liebig  aud  Wohler  {Ann,  dt 
Chimie^  II.  li.  273),  10  which  they  first  systematically  applied  the 
theory  of  compound  radicles  to  substances  of  organic  origin.  The 
publication  of  this  pajjer  exercised  an  immediate  and  extraordinary 
influence  u|K>n  the  study  of  organic  chemistry,  in  which,  indeed, 
it  inaugurated  a  new  era^  and  thus  led  to  a  series  of  brilliant 
discoveries  which  followed  in  rapid  Buceession, 

The  following  compounds  of  the  benzoic  series  wiD  be  briefly 
described,  or  tlic  mode  of  their  formation  will  be  indicated ; — 


Amygdalin  ,     , 
Amygdalic  acid 


.  (C^JI^^NO^^,  6  Aq) 
,  (HO,  C^HjflO^J 


Hydride  of  l>enzoyl  C14HJJO2,  H 
Nitro-benzoyl         .  CuIIfiO^^NO^ 

Chloride  of  benzoyl  Ci^H^Oj,  CI 

Sulphide  of  benzoyl  CuH^Oaj  S 
Bromide  of  do,       •  C14H5O2,  Br 
Iodide  of  do.     .     .  CnHgOa,  I 
Cyanide  of  do.        .  CuHA*  C^N 
Formobenzoylic  acid  llOjCi^HoO^,  C3HO3 

Hydrocyannte    of  | 

hydridcofbenzoylj^'*"*"^  "'^'^ 
Benzimide  (hydride)  p   it  -vr  n 

ofcyano-l3cuzoyl))    «    "    *^* 
Benzoic  acid      .     .  HO,  CnHjOj 
Benzoic  anliydridc  .  ^^11^)^,  C^HsOj 
Bcnzo-acetic  aiibyOp  u  n    r  TT  n 

Sulphobenzoic  acid   i  HO^  Cj^H^S^Og 
Nitrobcuzoie  acid  .  HO,  C14H4NO4,  O^ 
Beuzamic,oramido-|         c,.H^H,N,  O, 
benzoic  acid  .     )       >    j>    »>    • 


=  BzH 
=  BzNOi 

=  BzCl 

=  BzII,BzCl 

=  BzS 

=  BzBr 

=  BzI 

=  BzCy 

=  H0,  BzH.CjHOs 

=  BzH,  a(HO,BzO} 
=  Bzir,HCy 


:HO,BzO 
=  BzO,BzO 

:BzO,  OthO 


45^ 


MMtmOALJ^, 


H^:,  C^HA 


^  H^N,  m 


isuiie    .     CftH^^^ 


C^Hi,  ItN\  C^H,0,=  C^H^  HN,  Bi 


cyBuO.a 

CiAiMA 


=  HO,C«H,iO^0 


(1304)  Jm^fdmBm  (C^Hj^XO^  6Ai|).— The  pulp  of  the  bitter^ 
ihwuiiT  ooDtams  s  kr^  pcvtiaa  of  m  Umd,  nearly  taatden, 
ookntrieii  fiiied  o9  which  caa  he  acparatod  finom  it  bj  pressttrei 
and  which  is  identical  in  pioperties  with  that  inmished  br  the 
•weet  almond ;  bnt  the  kernel  does  not  contain  any  essential  oil 
ready  formed.  As  soon,  howeTer^  aa  the  pdp  is  braised  and 
moJatenad  with  water,  the  firagrant  odour  of  the  essence  is  per^w 
Ceifed*  This  development  of  the  essential  oil  is  due  to  tfadf 
decomposiiiion  of  amygdalin,  a  crystallizable  asotized  principle 
which  18  contained  in  the  kernel,  in  addition  to  the  oilji  starchy^ 
saccharine,  and  ligneous  constituents  of  the  seed* 

In  order  to  extract  the  amygdalin,  the  cake  which  remains 
after  the  filled  oil  has  been  separated  by  expression  is  broken  into 
fragments,  and  digested  with  hot  alcohol  of  sp.  gr.  0*825.  ^^ 
solution  must  be  filtered,  and  the  alcohol  distiUed  off;  the 
syrupy  residue  must  then  be  diluted  with  water,  mixed  with  yeast, 
and  set  aside  to  ferment,  in  order  to  decompose  the  sugar ;  and  on 
filtering  the  liquid  and  evaporating,  the  amygdalin  crystallizes  in 
acicular  tufts.  It  is  very  soluble  in  water,  from  which  it  is 
deposited  in  prisms  with  6  equiralents  of  water.  The  whole  of 
this  water  is  expelled  by  a  temperature  below  250°. 

Amygdalin  has  a  sweetish,  somewhat  bitter  taste,  and  is  not 
foisonous.  Its  solution  exerts  a  left-handed  rotation  uj)on  a  ray  of 
Mlurised  light.  When  it  is  treated  with  alkaline  solutions,  am- 
mMMH  is  expelled,  and  a  new  acid,  the  amygdalic  (110,  C^H^O^^ 
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is  found  in  the  liquid ;  this   decomposition   is  analogous   to   that 
produced  in  asparagin  under  similar  cireu Distances  : — 

Amjgdaliii.  AinyedalAtfi  of  PotMh« 

C^H^^NO^  +  KO,  HO  -h  HO  =  KG,  C,„H,,03,  -f  H^N, 
The  most  remarkable  change,  however,  to  which  amygdalin  is 
subject,  ia  that  which  it  undergoes  when  the  bruised  kernel  in 
which  it  is  contained  is  brought  into  contact  with  water.  As 
soon  as  this  is  done^  the  peculiar  and  agi-ecablc  odour  of  bitter 
almonds  is  perceived ;  in  twenty  four  hours  all  traces  of  amyg- 
dalin  will  have  disappeared,  and  in  its  place  an  essential  oil^  hydro- 
cyanic acid,  sugar,  and  formic  acid,  will  be  found.  This  singu- 
lar transformation  is  the  result  of  a  species  of  fermentation 
produced  by  the  action  of  a  peculiar  azotised  matter  which  rc- 
senibies  the  diastase  of  malt,  to  which  the  name  syimptase,  or 
emuhin,  has  been  given.  Tliis  ferment  is  contained  both  in  the 
bitter  and  the  sweet  almond.  If  boiling  water  be  pouretl  upon 
the  pulp,  the  synaptase  is  coagulated,  and  no  formation  of  the 
essence  ensues.  In  preparing  the  essence  cold  water  should  there- 
fore be  employed,  and  the  mixture  should  be  allowed  to  stand  for 

^  some  hours  before  proeeediog  to  distillation,* 

H  The  change  which  occui*s  in  amygdalin  under  the  influence  of 

■  synaptase  may  be  thus  represented : — 

^B  AmjittldiQ.  Eiueatifkl  OH.  HjrdnMj,  Acid.  Gltis?DM« 


Formio  Amd« 


CijHjPh 


-f    4  (no.c^Ho^    +    6  HO, 
loo  parts  of  amygdalin  yield  about  41  of  the  essential  oil^  and  6 
of  hydrocyanic  acid. 

The  proportion  of  hydrocyanic  acid  liberated  by  the  reaction  is 
perfectly  dehjiite,  and  it  has  been  proposed  by  Liebig  and 
^Vuhler  to  take  advantage  of  this  fact  in  prescribing  hydrocyanic 
acid  medicinally.  Amygdalin  may  be  dissolved  in  water,  and  it  may 


•  Syimptaae  ia  a  ferment  which  may  he  advantageously  applied  to  mmiy 
OTganif  coinpounda  iE  order  to  efleet  their  transformation  mto  new  |>roductB, 
It  may  he  procured  from  tiie  cake  left  after  the  expresaion  of  iKt?  oil  of  the 
BWeet  alinond.  Tlii«  raans  must  be  diffused  through  a  tpiantity  of  pure  water 
equal  to  about  tlirico  its  weigh tj  the  liquid  mu«t  be  etramed  through  a 
cloth,  and  the  uodi«solved  portion  aubmitted  to  preisure.     The  emulsion  thus 

Srocured  must  be  lell  fur  three  or  four  days  at  a  temperature  of  70^  or  8o% 
uring  which  tinit*  it  becomes  separated  into  two  layurs  ;  tlie  upper  one  con- 
sisting of  a  curd-like  euat^uluni,  and  the  lower  one  forming  a  ck*ar  liquid,  like 
whey.  In  tbo  course  of  two  or  three  days  this  lower  stratum  ceaaes  to  yield 
any  precipitate  on  the  addition  of  acetic  aeid  ;  when  thia  point  hag  been 
reached,  alcohol  must  he  added  »o  long  as  it  oceasiona  a  precipitate*  Thia 
precipitate  consiata  of  synaptase  in  combiaatioa  with  phosphates  of  Umc  and 


be  ki'in  iir  t  iinircfl;  but  if  it  lie  mixed  witlj  an  cmukion  of 
sweet  ii]inoiiU>,  dc  compo^iiioa  oommeraceft  imme<Hately^  and  the 
characteristic  odour  of  the  es^sence  is  deTelopcd.  Seventeen 
graiun  of  amygdalin  when  dissolved  in  one  ounce  of  emulsion  of 
•wcct  alinondsy  would  furuii^h  exactly  one  graiu  of  pure  hydro- 
cyanic acid ;  or  it  would  contain  au  amount  of  the  acid  6i[uiv]u 
lent  to  50  minims  of  the  dilute  hydrocyanic  acid  of  the  Loodan 
Pharmaco^KEia. 

(1205)  EssKNCE  OP  Bitter  ALMosDs^—Ht^dtide  of  Bensufi 
(Ci^HuOj,  11);  Sp,  gr.  1*043. — ^"  onler  to  extract  this  essence,  the 
bittiT  almond  cake  which  is  left  after  the  expre^ssion  of  the  fixed  oil  ii 
crushed  and  made  into  a  thin  cream  with  water.  It  is  then  iutro- 
duccd  into  a  still,  where  it  is  allowed  to  remain  for  twenty-four  hours, 
with  occa&iomd  agitation,  in  oitler  that  the  amygdalin  may  be  com- 
pletely decomposed.  At  the  end  of  that  time  the  distillation  is  pn^ 
ceeded  with.  This  operation  is  best  etfeeted  by  the  iujeetion  of  steam; 
the  liquid  is  thus  speedily  raised  to  the  boiling  point,  and  all  ris^k 
of  charring  the  vegetable  matter  is  averted  :  the  oil  passes  o^er  a£ 
nsuid  with  the  vaf>our,  and  may  be  condensed  in  suitable  receiversL 
The  distillation  must  Ik?  continued  so  long  as  the  distillate  comes 
over  with  a  milky  appearance. 

A  considerable  quantity  of  the  essence  is  dissolved  in  the  dis- 
tilled water,  but  most  of  this  can  be  recovered  by  svibjectiug  the 
water  to  a  second  distillation,  the  essence  coming  over  w*ith  the 
first  portions.  The  kernels  of  the  peach,  the  plum,  the  chernr, 
and  other  stone  fruity  as  well  as  the  leaves  of  the  laurel  {PruHm 
lauTocerasuB)  also  yield  this  essence  in  notable  quantities. 

The  crude  essence,  iii  addition  lo  hydride  of  benzoyl,  contains 
hydrocyanic  and  benzoic  acid,  and  a  crystalline  body  termed  bcn- 
Boin  (1212):  it  is  extremely  poisonous,  owing  to  the  presence  of 
hydrocyanic  acid ;  but  it  may  be  readily  purified  fi*oni  the  latter 


W^^D^emk  I  it  rouAt  be  washed  with  absolute  aleoholf  and  dried  in  vaeue  over 
«lmahe  ftctd« 

Tilt  fm^ptjiae  thus  obtained  caimot  bu  freed  from  the  nalta  whlf*h  aee«>m* 
r  ii*  imX  it  is^utlicieutly  pure  to  enable  its  action  a«  a  ferment  to  bo  aludt^. 
I  dried  at  directed,  it  may  be  preserved  unaltered :  but  if  leR  m  a  moist 
Eion.  fA  apfcdily  becomea  putrid.    It  is  completely  soluble  in  cold  water  ( 
ikiaittatid  reaction,  wUieii  enubles  it  to  bold  tlie  earthy  pho«^pliat«9 
Ib  tliat  state  it  speedily  trans forois  amygdalin  into  the  c'ti«\'Qoe 
ftkmamik  and  other  products.     The  aqueous  solution  of  synaptasc 
••ikid  wWqi  heated,  owin^^  to  the  separatioti  of  a  portion  o^   the 
;  tilt  liquid,  however,  a^ain  oeeomes  clear  ha  it  ooola«  but 
il^  power  of  effeetini^  tlie  trans  form  at  ion  of  atnyi;daliti 
',  A  iolution  of  Mynaptaso  i«  entirely  proci]iJtntod by 
mI  I^  precipitate  »o  obtained  outs  upou  amygdtUn  III 


CQLOROBEXZOLE^ — CQLO&IDE    OF    BENZOYL. 
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F compound  by  agitating  the  oil  briskly  with  a  mixtare  of  milk  of 
lliaie  aiul  protochloritle  of  iron,  and  theu  submitting  it  to  distillation. 
The  purified  oil  is  not  poisonous.  It  ia  inHammable,  and  burns 
I  with  a  smoky  flame;  when  heated  to  356'*  it  boils,  and  may  be 
tdistilled  unaltered.  Hydride  of  benzoyl  is  soluble  in  30  parts  of 
iwater^  but  it  is  dissolved  by  alcohol  and  by  ether  in  all  proportions, 
[This  oil  exerts  no  rotatory  action  upon  polarized  light. 

\Mien  essential  oil  of  bitter  almonds,  either  in  its  pure  or  its 
rectified  condition,  is  left  in  contact  with  the  atmosphere  and  with 
^  water,  it  gradually  absorbs  oxygen,  and  is  at  length  wholly  con* 
H  rerted  into  a  crystalline  mass  consisting  of  benzoic  acid  : — 

^m  Hjdiile  of  BtmMOfh  BmcoIp  Aad. 

■  'C,JI,0„  H    +    O,    =    HO,  C, JI^O,.  0. 

"         When  oil  of  bitter  almonds  h  heated  with  hydrate  of  potash^  it 
jields  hydrogen  and  the  benzoate  of  the  alkali : — 

H  jdridv  of  B«ii£ojL  Bouioftte  of  Potuh« 

^,,11,0^    +    KO,  HO   ^    KO,  C,^H^,    +    a  H. 

[Concentrated  nitric  acid  converts  the  essence  into  nitro-benzoic 
[acid  (HO,  C14U1,  NO4,  Ojj),  with  brisk  evolution  of  heat ;  but  if  the 
reaction  be  moderated  by  the  addition  of  water,  a  yellowish  oil  is 
formed,  which  gnidually  solidifies  j  it  is  a  compound  in  which 
the  hydrogen  of  the  hydride  has  becu  displaced  by  peroxide  of 
nitrogen : — 

Hydride  of  Bensojl*  lOlro-beiuojfL 

CuH^Oa,  H  -h  HO,  NO5  =  Ci,HA>  No7  -r  2  HO. 

When  oil  of  bitter  almonds  is  treatetl  with  pcrchloride  ofphos* 
phorus,  it  yields  a  compound  termed  chlorobcnzole^  or  hydride  ofchlo- 
robenzoyl{Q^^\'J2\^^\i)/ii\  which  tlie  oxygen  of  the  essence  appears 
to  have  been  displaced  by  chlorine,  whilst  ox y chloride  of  phosphorus 
is  formed,  and  can  be  expelled  by  heat.  Cldorobenzolc  is  a  limpid, 
colourless  liquid,  of  sp.  gr.  1"245  ;  its  density  in  the  form  of  vapour 
is  5*625.  It  has  but  little  odour  at  ordinary  temperatures,  but 
when  heated  it  gives  off  an  irritating  vapour.  Chlorobcnzole  boils 
at  403**.  It  is  insoluble  in  water,  but  readily  soluble  in  aleoliol  and 
in  ether 

(j  206)  Chloride  of  Benzoyl,  Benzoic  Oxychhrtde  (Ci^H^O^^,  CI) ; 
8p.  ffr.  of  liquid  ri96,  Liebig  and  Wohlerj  1.25,  Cahours;  of  va^ 
pour4gSy, — When  a  current  of  dry  cldorinc  is  transraitted  through 
the  easential  oil  of  bitter  almonds  gently  warmed,  much  hydrochloric 
acid  is  evolved,  and  chloride  of  benzoyl  is  obtained  in  the  form 
iof  a  colourless  liquid,  the  vapour  of  whicli  produces  lachryniation ; 
it  has  a  peculiar  irritating  odour  resembling  that  of  hol*:^c^adish- 


I 


I 
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Chloride  of  benzoyl  boils  at 3  83°,  and  bums  with  a  green  smoky  flam 
This  substance  sinks  in  water  without  mixing  with  it ;  but  if  boil 
with  water,  it  is  gradually  dissolved,  and  decomposed  into  hydro- 
chloric and  benzoic  acids;  CiiHsOi^Ci-f  2HO-HO,Ci4Hs03-f  HCl 
The  beat  method  of  preparing  the  chloride  of  benzoyl,  when 
required  in  considerable  quantity,  consists  in  heating  gently  in  a 
retort  a  mixture  of  122  parts  of  crystallized  benzoic  acid,  and  211 
of  perchloridc  of  phosphorus  (i  equivalent  of  each  substance) 
violent  reaction  occurs^  attended  with  a  copious  extrication  of 
hydrochloric  acid : — 

Benzoic  Add.  Chlor.  BeusojL  Oi^foblor.  Pboipk>« 


■4 


HO,  Ci,H,0, 


+  PCI,  =  C,,Hs0^a  +  IICl  +  P0,C1,; 


when  this  has  terminated,  the  mixture  is  submitted  to  distillation. 
As  soon  as  the  boiling  point  rises  to  ^i^^^,  pure  chloride  of  bei 
aoyl  passes  over,  the  portions  which  distil  at  a  lower  point  consist!] 
of  a  mixture  of  oxychloride  of  phosphorus  and  chloride  of  benzoyl 
This  mixture   may  be   purified  by  distilling  it  from   anhydrous 
benzoate  of  soda,  the  oxychloride  of  phosphorus  becoming  deoom* 
posed  in  the  following  manner : — 

B<Mixoftt*  of  So4».        UrvcWor  Phospiu     diloride  of  B«naajl.  Fho«p^<  SckU. 


in^ 

3US" 


3(NaO,  Ci.HA)  +  PCJXlg  =  3(C»,HA,C1)  +  3  NaO,  PO, 
Chloride  of  benzoyl  has  been  extensively  employee!  by  Gerl 

in  the  preparation  of  the  anhydrides   of  the  organic  acids  (1099). 
Gaseous  ammonia  decomposes  it,  and  yields  benzamide  (1054)^1 

and  hydrochlorate  of  ammonia  : — 


CliHr-Oa,  \jI 


.„  ^.  +   2  H,N   =   H.NCl   +  H,N,  CjJI.Oa. 

Aniline  attacks  it  in  a  similar  manner,  and  produces  benzanilide 
(CjaH^  HN,  CiiHPa),  When  mixed  with  alcohol  it  yields 
benzoic  ether : — 


I 


Ci,HA>Cl  +  C,HA  HO  =  C.llA  ChH,03  +  Ha. 

Sometimes  in  the  reaction  of  chlorine  upon  the  hydride  of 
benzoyl,  brilliant  colourless  plates  of  a  substance  sparingly  soluble 
in  cold  alcohol  are  deposited.  They  are  formed  by  a  combination 
of  chloride  with  hytb-ide  of  benzoyl  (ChH^O^U,  Ci^HgOj,  CI),  which 
is  termed  chlorohydrUle  of  benzotjL 

Sulphide  of  Beti^oijl  1  [Q^^^O.^.^). — T\Tien  chloride  of  bensso 
is  distiDed  with  sulphide  of  lead,  a  yellowish  oil  of  the  above  coi 
position  passes  over ;  it  gradually  forms  a  yellow  crystalline  m 
which  has  a  disagreeable  sulphurous  odour* 


I 
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A  bromide  of  benzoyl  {€^11-0^,  Br),  and  an  iodide  {C^Jl^Ou^,  I) 
ttnay  be  obtaiaccl  by  analogous  methods. 

Cyanide  of  httijroyi  {C^^Wfi^,  Cy)  maybe  obtained  in  a  similar 

I  manner,  in  the  form  of  a  yellow  oil,  by  distilling  the  chloride  of 
benzoyl  with  cyanide  of  mercury. 
(1207)  Fummbenroylic  or  MandeHc  Add  (110,  Ci^Il^jO^, 
C3IIO,). — When  the  distilled  water  of  bitter  alraoiida,  (containing 
hydrocyanic  acid,  and  the  essential  oil)  is  Ijoiled  with  hydrochloric 
acid,  a  enrious  reaction  occurs  ;  the  hydrocyanic  acid  is  decom- 
posed into  ammonia  which  unitcB  with  tlie  hydrochloric  acid,  and 
formic  acid  which  enters  into  combination  with  the  oil  of  almondjs> 
producing  a  new  body  poasessed  of  acid  properties  aud  termed 
formo-benzoylic  acid : — 

Hjdr.  of  Beoaojt  HTdroey,  Acid,  VonnobmAoylio  Add. 

Ci,H,03  +  HCl  +  4  HO  +  hJ^=  H^NCl  +  HO,  Ci,H,0„C,nOa, 

On  evaporating  the  solution,  the  acid  may  be  obtained  in  mixture 
with  hydrochlorate  of  ammonia,  from  which  it  may  be  separated  by 

'^ther;  the    ethereal  solution  deposits  it  in  rbomboiflal  tables.      It 

[Jim  a  sour  taste,  and  is  easily  soluble  in  alcohol.  When  heated, 
it  fiises  at  a  low  temperature,  emitting  an  fun*ecal>le  odour  of 
bawthom  blossoms,      Fonuobenzoylic  acid  is  also  oljtaincd  by  dis- 

f  solving  amygdalin  in  concentrated  hydrochloric  acid*  Formo- 
benzoylic  acid  furnishes  one  of  the  be^t  inst^mccs  of  the  class  of 
colligated  acids,  in  which  the  saturating  power  of  the  original  acid, 
the  formic,  remains  unimpaired  by  its  union  with  the  colligate.  It 
forms  soluble  crystallizablc  salts  with  baryta  and  silver,  and  with 
other  bases. 

\  A  compound  of  benzoic  add  with  hydjnde  of  benzoyl 
[2  (CiiHtOgjH)  Cj^HoOJ  ?  is  obtained  by  acting  upon  the  moist 
essence  of  bitter  almonds  with  undried  chlorine  gas ;  3  equi- 
yalents  of  the  essence  concur  to  its  formation,  but  j  equiva- 
lent only  has  undergone  oxidation;  3  (Cj^lItiG.^j) -i-2  HO  +  Cl^ 
HCl -h  (2  C,jH,^Oa,  CiiUfiOJ.  This  reaction  presents  a  certain 
analogy  with  that  by  which  acetal  (973)  is  formed.  The  benzoic 
hydride  of  benzoyl  is  insoluble  in  water,  but  it  crystallines  from  its 
alcoholic  solution  in  square  prisms,  which  may  be  fused  at  a 
gentle  heat  and  volatilized  without  decompos^itiou :  it  presents 
none  of  the  characters  of  an  acid.  An  alcoholic  solution  of  potash 
gradually  decomposes  it,   and   crystals  of  benzoate  of  potash   arc 

t  deposited.  It  appears  that  under  certain  circumstances  3  equiva- 
lents of  the  essence  combine  with  i  of  benzoic  acid  (Laurent  and 
Gerhardt),  but  the  composition  of  this  body  is  somewhat  uncertain. 
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HYDROCTANATG  OF  HYDRIDE  OF  BENEOVL. 
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Ihjdrocyanate  of  Hydride  of  Benzoyl. — If  the  mixture  of  hydro- 
cliloric  acid  and  the  distilled  water  of  bitter  almonds  be  evaporated 
at  a  geutle  he^t^  without  boilings  a  yellow  oily  liquid  of  sp.  g7^| 
1*124  is  formed;  this  substance  is  sparingly  soluble  in  water,  bu^* 
freely  so  in  alcohol  and  ether,  Voelckel  states  it  to  be  a  com- 
pound of  hydrocyanic  acid  \rilh  hydride  of  benzoyl  {Cj^^lfii, 
HCN)  :  it  is  decomposed  into  its  two  components  bv  a  temperatiiroj 

The  substance  to  which  the  name  of  benzimide  {^^^\^/^^^^ 
was  given  by  Laurent^  is  the  result  of  the  action  of  hydrocyanie* 
acid  upon  the  essence.     If  the  hydride  of  benzoyl  be  mixed  with 
a  fourth  of  its  bulk  of  ajUiydrous  hydrocyanic  acid,  and  gently 
vvanncd  after  aj^itation  witli  an  alcoholic  solution  of  potash,  wliiti 
curdy  flocculi  of  hydride  of  cyanohenzoyl  (beuzimide)  are  deposit 
The  same  substance  is  also  sometimes  met  with  in  the  resinot] 
residue  of  the  distillation  of  the  crude  essence ;   and  on  treating 
this  with  boiling  alcohol,  bcnzimide  is  deposited   in  white  flocculi 
as  the  liquid  cools.      Benzimide  is  sparingly  soluble  in  alcohol  and 
iti  ether.    It  fuses  on  the  application  of  heat,  and  at  a  high  terai>era. 
ture  is  decomposed,   leaving  a  carbonaceous  residue  ;  fuming  sul- 
phuric acid  dissolves  it  with  a  blue  colour,  which  fades  on  dilution. 

{1208)  Benzoic  Acid  (HO^  Ci^Fl^Oa)  Sp.  ffr.of  vapour  4'2y^^^ 
Benzoic  acid  occurs  abundantly  in  the  balsamiferous  plants, 
pcndcntly  of  its  artificial  origin  from    bitter  almond  oil   air 
mentioned. 

Gum  BenzQiuy  the  produce  of  the  Styrax  Benzoin  of  the 
Asiatic  archipelago,  is  the  principal  source  of  the  supply  of  ben- 
zoic acid.  Common  benzoin  occurs  in  reddish  lumps  whicli 
sometimes  have  a  lamellated  fracture,  and  contain  whitish  opaque 
masses.  When  recent  it  emits  an  odour  of  bitter  almonds.  Gum 
benzoin  appears  to  be  composed  of  a  mixture  of  three  varieties  c^^ 
reein,  with  benzoic  acid  and  a  small  quantity  of  a  fragrant  esseii^l 
tial  oil.  Only  one  of  the  resins  is  soluble  in  etherj  a  second  is 
soluble  in  alcohol  only.  The  white  opaque  masses  appear  to  consist 
of  the  resin  which  is  soluble  in  ether ;  they  yield  less  benzoic  acid 
than  the  brown  portions. 

Preparation. — Benzoic  acid  may  be  extracted  from  powdere^^ 
benzoin  by  boiling  it  for  some  hours  with  milk  of  lime,  filterill^| 
the  solution  of  benzoatc  of  lime  fmm  the   insoluble  compound  c^H 


iiid^ 
Ireadl^l 


•  Laurent  finds  the  formulft  (Cj^Hj^NOj  originally  given  by  Ima  for  this 
campound  to  have  been  erroneoufl."  "^ 
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■Tesin  and  limCj  and,  after  concentratiug  the  filtrate,  adding  bydro- 

» chloric  acid;  benzoic  acid  is  thus  precipitated,  and  may  be  purified  by 
•ublimation.  The  acid  is,  however,  generally  extracted  by  the  le^ss 
ccouoniical  but  dimpler  process  of  direct  sublimation  from  gum  ben- 
soin,  which  contains  14  or  15  per  cent,  of  the  acid  ;  if  the  resin  be 
coarsely  powdered  and  exposed  to  a  temperature  of  about  300'',  the 
^acid  which  exists  ready  formed  in  it  is  expelletl,  and  may  be  eon* 
Bdensed  in  suitable  receivers,  Jlohr's  plan  of  conducting  the  sub- 
^  Umation,  which  has  licen  already  described  when  speaking  of  the 
^  preparation  of  pyrugallic  acid  (1124)  is  the  simplest  and  best 
B method.  The  resins  of  tolu  and  of  beuKoin  when  treated  with 
boiling  nitric  acid  yield  an  amorphous  form  of  benzoic  acid,  which 

*is  coloured  yellow  with  a  resinous  matter  which  accompanies  it 
into  its  salts,  and  hinders  them  from  eryslallizing :  balsam  of  tolu 
often  yields  nearly  half  its  weight  of  this  acid.  This  resinous  acid 
i&  completely  soluble  in  Ixiiling  water;  when  this  form  of  the 
acid  is  exposed  to  the  sim's  rays  it  becomes  covered  with  white 
crystals  of  pure  benzoic  acid;  and  when  sublimed  the  ordinary 
^  crystalline  acid  is  obtained. 

B  Properties. — Benzoic  acid  assumes  the  form  of  white,  glisten- 
ing, extremely  light,  flexible  necdk\«^  wliich  nsually  have  an  JigrcG- 
aWe  aromatic  odour,  and  a  hot  bitterish  taste.  The  odour,  how- 
ever, is  not  due  to  the  acid^  but  to  the  presence  of  a  trace  of 
P  essential  oil  which  accompanies  the  acid  diu-ing  the  sublimation. 
Benzoic  acid  melts  at  248";  it  sublimes  at  293",  and  boils  at  462'', 
Its  vapours  are  acrid  and  iriitatiiig,  when  kindled  in  the  open  air 
they  burn  with  a  smoky  flame.  The  acid  requires  aliout  200  iiarta 
of  cold  water,  and  25  of  boiling  water,  for  its  solution;  but  it  is 
readily  dissolved  by  alcohol  and  by  ether, 

Benzoates.' — Most  of  the  benzoatea  are  soluble  in  water,  and  in 
alcohoh  If  a  strong  acid,  such  as  the  sidphmnc  or  hydrochloric,  be 
added  to  their  atfueons  solutions,  a  crystalline  precipitate  of  benzoic 
acid  is  deposited.  Potash  and  ammonia  form  botli  neutral  and  acid 
salts  with  benzoic  acid,  Netdrai  ben^tjafe  ofpoia:<h  (KO,  C14H5O3 
B  H-  Acj)  crystallizes  with  diftleuity  in  pcnniform  crystals,  which 
™^  creep  up  the  sides  of  the  vessel  during  their  formation.  Tlic 
acid  salt  of  potash  (KO^  HO,  2  Cj^H^Oj),  may  be  obtained  from 
its  solution  in  alcohol,  in  colourless,  pearly  tables,  which  are 
sparingly  soluble  in  water*  It  is  obtained  as  a  secondary  product 
in  the  preparation  of  acetic  anhydride  b}^  decomposing  acetate  of 
potash  ivith  chloride  of  benzoyl.  Neuti'al  bcnzoatc  of  ammonia  is 
very  soluble  in  water.     It  is  sometimes  used  as  a  means  of  sepa* 
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rating  iron  from  nickel  and  cobalt.  The  benzoatc  of  peroxide  €>f 
iron  falls  as  a  bulky  brownidh-white  gelatinous  mass  vrlien  a 
neutral  solution  of  a  persalt  of  iron  is  mixed  with  one  of  benjcoate 
of  ammonia :  perbenzoate  of  iron  is  soluble  in  alcohol.  The  ben- 
zoates  of  yttria,  zirconia,  tin,  and  lead,  are  insoluble  in  water ; 
that  of  silver  is  sparingly  soluble  in  boiling  water.  A  neutral 
solution  of  a  persalt  of  iron  may  be  used  for  detecting.the  presence 
of  tenzoic  aeid  in  solution.  When  any  of  the  henxcmtes  are  treated 
with  phmphoric  acid,  benzoic  acid  is  sublimed,  and  may  be  reoog- 
nised  by  its  characteristic  odour.  The  benzoates  of  the  alkalies 
and  of  the  earths  when  submitted  to  destructive  distillation  yield 
a  particulur  hydrocarbon  termed  benzole  or  benjrine  (Ci^Hi^l,  and  a 
compound  termed  benzophenone  [Qi^W^^  C14H5O2) ;  the^  suV 
i»tance8  are  iutimately  related  to  the  phenic  group  of  compounds 
which  will  be  described  in  the  chapter  upon  the  products  of 
destructive  distillation.  When  Ijenzoate  of  lime  and  formiate  of 
lime  are  distilled  in  the  proportion  of  one  equivalent  of  each, 
hydride  of  Ijcnzoyl  is  the  result  (Piria)  : — * 

Bf^usoattf  of  Lime.  Formiate  of  Lime*  HjrdHd«  dt  BdRSOfl. 

CaO,  C11H5O3  f  CaO,  C^HO^  =  2(CaO,  CO,)  +  Ci4Ho04. 

Benzoic  acid  is  dissolved  by  oil  of  vitriol,  and  is  precipitated 
ivnchanged  on  dilution  with  water;  but  fuming  sulphuric  acid 
converts  it  into  a  dibasic  compound  acid,  the  sitlphobenjroic  {2  HO, 
Ci^HjS^Og).  Fuming  nitric  acid  converts  the  benzoic  into 
niirobenzoic  add  (110,  Ci^HiNO^jOa)  ;  and  a  mixture  of  oil  of 
vitriol  and  nitric  acid  produces  dlniirobenzoic  acid  (HO,  Cj^H,, 
2  NO4,  O3).  Chlorine  prndiicea  not  less  than  three  chlorinated 
acids  :  viz.,  monoehhrwatt'd^  dichhrlnated  and  tri chlorinated  ben- 
zoic acid,  in  which  i  equivalent,  2  equivalents,  and  3  ec^uivalents 
of  hydrogen  respoetively  are  disjilaced  by  a  corresponding  number 
of  equivalents  of  chlorine.  When  benzoic  acid  is  treated  with 
perchloride  of  phosphonis  it  yields  chloride  of  benzoyl  in  abund* 
ance  {1206), 

Beftzoic  anhydride  (Ci^UsO^,  C,JI^OJ. — This  compound  is 
obtained  by  decora  [josiog  anhydrous  benzoatc  of  soda  with  chloride 
of  benzoyl,  or  with  oxychloride  of  phosphorus  (1099).  Tlie  result 
of  the  reaction  is  washed  with  water  weakly  alkalized  with  car- 
bonate of  soda :   benzoic  anhydride  is  left  hi  the  form  of  a  white 

•  Piria  finda  tliat  cinnamic,  f  ununie,  and  other  altlehyda  may  he  obtained 
by  distilling  the  Raits  of  tlieir  cnrresiponiliiig  acids  with  formiate  of  lime,  ThiLS 
II  mixture  q£  oiimaDiate  and  formiate  af  lime  yields  oU  of  cinnamon. 
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inaoluble  in  water,  but  soluble  in  ether  and  in  hot  anhydrous 
alcohol,  from  which  it  crystallizes  in  oblique  prisms.  It  melts  at 
about  io8'-  F.,  and  may  be  distilled  unaltered  at  590".  Boiling 
water  slowly  converts  it  into  the  hydrated  acid ;  the  change  is 
hastened  by  the  addition  of  an  alkali.  It  enters  into  the  forma- 
tion  of  many  double  anhydrides  (1100)  :  such,  for  example,  as 
bt'n^aacetic  anhydride  (Ci^H^Oj,  C^H-jOj)  which  is  obtaiued  by 
heiiting  acetic  oxychloride  (C^HjO^CI)  with  dried  benzoate  of 
soda.  A  brisk  reaction  occurs  at  ordinary  tem|jeratiires ;  when 
this  is  over  the  residue  must  be  washed  with  water,  and  with  a 
weak  solution  of  carbonate  of  soda ;  benzoacetic  anhydride  is  left 
the  form  of  a  neutral  oil    which   is  heavier  than  water,  and 


m 


emits  an  agreeable  odour  of  slierry  wine.  Boiling  water  slowly 
decomposes  it  into  a  mixture  of  acetic  and  benzoic  acida  ;  but  the 
solutions  of  the  alkalies  or  of  their  carbonates  quickly  convert  it 
into  acetate  and  benzoate  of  the  base.  It  cannot  be  distilled 
w  ithout  experiencing  decomposition :  acetic  anhydride  passes  over 
first,  and  if  the  dijitillation  be  stopped  as  soon  as  the  temperature 
of  the  boiling  litjuid  reaches  536'*,  the  residue  in  the  retort  solidi- 
fies on  cooling  into  a  mass  of  crystallized  benzoic  anhydride, 

(1209)  Btnzamic  acid ;  Curhamlic  acid  or  Amido-bmzoic  acid 
(CiiHyNO^  =  HO,  Cijllj^,  H-jN,  O3)  as  it  is  more  appmpriately 
termed,  is  not  a  true  amidated  acid  (1047},  ^^^  benzoic  acid  in 
which  an  equivalent  of  hydrogen  has  been  displaced  by  an  equiva- 
lent of  amidogen.  It  is  isomeric  with  anthranilic  acid  (1287) 
[and  is  obtained  by  the  action  of  reducing  agents  upon  nitroben- 
2oic  acid.  If  an  alcoholic  solution  of  nitro-benzoic  acid  be  satu- 
rated with  ammonia  and  with  sulphuretted  hydrogen,  and  then 
boiled,  it  becomes  green,  and  a  copious  deposit  of  sulphur  occurs  : 
this  operation  must  be  repeated  two  or  three  times,  in  order  to 
complete  the  decomposition  of  the  nitrobenzoic  acid  ; — 


Kitrobenioje  AciJ, 


AmidobeciAok  Add. 


HO,  C^H^  NO^  O3  +  6  HS  =  HO,  CiJI,(H,N),03  -h 4  HO  +  6  S. 

The  liquid  must  be  evaporated  to  the  consistence  of  syrup,  super- 
saturated with  acetic  acid^,  and  the  precipitate  drained  upon  porous 
tiles.  It  must  then  be  redis^solved  iu  boiling  water ;  the  solution 
digested  with  animal  charcoal,  filtered,  and  allowed  to  crystallize. 
Amido-benzoic  acid  crystallizes  in  radiated  tufts  of  delicate  needles, 
which  are  readily  soluble  in  alcohol  and  in  ether.  It  has  a  sweet, 
sourish  taste,  but  no  odour.  It  forms  an  insoluble  green  precipi- 
tate when  mixed  with  salts  of  copper  ;  with  salts  of  silver  it  gives 
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a  white  curdy  precipitatej  which  if  left  in  the  liquid  becomes 
crysitiillme. 

This  acid  likewise  possesses  the  property  of  combining  with  other 
acids.  Oil  of  vitriol  dissolves  amido- benzoic  acid  by  the  aid  of  heat, 
and  on  coolings  it  deposits  brilliant  crystals,  (CnUyNO^,  HO,  S0„ 
a  Aq),  which  may  be  recrystallized  from  Ixiiliiig  water  or  from 
alcohol :  their  aqueous  solution  lias  an  extremely  sweet  taste.  A 
simihu*  compound  (C^^H^NO^,  HO,  NO^)  may  be  formed  with  nitric 
acid* 

By  the  action  of  reducing  agents  upon  dinitro-bcnzoir  acifl,  a 
compound,  (C; I H^NaOi,)  analogous  to  the  amido-bcuEoic  acid,  having 
the  composition  of  diamidobenzoic  acidj  HO,  Cj4H3(HjN)jO^,  lias 
been  obtained  (Voit),  but  it  possesses  none  of  the  characters  of  an 
acid  ;  it  combines  readUy  with  acids,  the  introduction  of  the  second  i 
equivalent  of  amidogeu  having  given  it  a  decided  basic  energy,      fl 

(1210)  Action  of  Ammonia  on  the  Oil  of  Bitter  Atnmnds*— 
Several  compounds  are  produced  by  the  action  of  ammonia  upon 
this  essence,  which  are  ditierent  according  as  the  essence  employ 
is  pure^  or  contains  hydrocyanic  acid.      If  it  be  pure,  hydrobeu 
midc  and  dibenzoylimide  arc  the  residt  of  the  reaction  :  if  it  be 
the  crude  state,  the  Iiydrocyanic  acid  takes   part  in  the  reactiofli 
and  benzhydramide  and  benzoylic  azotidc  are  formed. 

1.  Hydrobeiizamide  (C^jHigNj)  is  the  most  interesting  of  th( 
compounds  ;  it  may  be  formed  by  simply  agitating  the  oil  with  d. 
solution  of  ammonia,  and  afterwards  leaving  it  at  rest  for  somff' 
days  at  the  ordinary  temperature  ;  but  the  reaction  is  completed  ii 
a  few  honrs  if  the  mixture  be  heated  to  the  bciiling  point.  In 
either  case  the  mixed  liquids  gradually  become  converted  into  a 
crystalliue  mass  of  hydrabeiizamidc,  which  must  be  washed  with 
ether  and  crystallized  from  boiling  alcohol : — 

Ojdr.  B«s«orl  Hjdrobeiuftmldf. 


+   a 


H3N  = 


C^HiijjNg 


+   6  HO. 


bafJ 


3  (CiiHA) 
Hydrobenzamide  forms  colourless  octohetlra  with  a  rhombic  base»^ 
It  is  destitute  of  odour,  and  insoluble  in  water,  but  readily  soluble 
in  ether.  It  melts  at  230" ;  and,  if  heated  for  some  time  to  about 
260°^  or  if  boiled  with  a  solution  of  potash,  it  is  converted  into  the 
isomeric  base  termed  amarine  or  benzoline  (1068). 

When  hydrobenzaraide  is  fused  with  potai*h,  several  new  com^ 
pounds  are  formed^  such  as  benzostUbine  (CgilijiOj),  and  benzoioi 
(CnH^O),  whilst  the  nitrogen  is  expelled  in  the  form  of  ammonia. 

Hydrobeuzamide^    when    boiled    with    hydrochloric    acid, 
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'  decomposed  ;  sal  ammoniac  is  formed,  and  hydride  of  benzoyl  is 
set  at  liberty.    A  similar  change  is  also  produced  by  mere  boiling 

I  of  its  alcoliolic  solution^  but  the  ammouia  in  that  case  is  liberated 
in  the  un combined  form. 

2.  Di6enzot/Hmid€{C2;Ji^^^O.^)i»  obtained  by  passing  amraoniacal 
gas  into  an  alcoholie  solution  of  essential  oil  of  bitter  almonds. 
It  is  gradually  separated  in  the  form  of  a  resinous  mass  which  is 
soluble  in  boiling  alcohol,  and  from  which  it  is  deposited  as  a 
yellowish  powder  composed  of  !»rilJiatit  feathery  crystals  (Robson), 

mc^.ha)  +  "3N  =  c«H^^  +  2  no. 

3.  Benzhydr amide,  or  Hf/drtde  of  Cyanazobenzoyl  a, — 
(C41H  1^1*^202)  was  originally  stated  by  Laurent  to  be  isomeric 
with  hydrobeuzamidej  but  wlien  he  re-examined  this  substance 
conjointly  with  Gerhardt,  this  statement  was  ascertained  to  be  ati 
error.  If  the  crude  essence  of  bitter  almonds  be  heated  to  2 1 2°, 
and  saturated  with  ammonia,  then  dissolved  in  a  mixtui'e  of 
alcohol  and  ether  and  left  to  itself  for  three  or  four  days^  a  deposit 
is  formed  whicli  consists  of  two  portions,  viz.  hen zhydr amide,  and 
berizoifUc  azoiide  i  they  may  be  separated  by  the  action  of  boiling 
alcohoL  Benzhydramide  is  soluble  in  boiling  alcohol^  from  which 
on  cooling  and  spontaneous  e\aporation  it  is  deposited  iu  small 
brilliant  needlesj  wliieh  arc  freely  soluble  in  ether  •  and  wbiehj 
when  boiled  with  hydrochloric  acid,  are  decomposed  into  hydro- 
cyanic acid,  hydroehlorate  of  ammonia^  and  liydride  of  benzoyl. 

4.  The  portion  which  is  left  undissolved  by  alcohol  is  the 
benzoylic  azoiide  of  Laurent,  It  is  in  the  form  of  a  white  cr}^s- 
talline  powder,  which  is  nearly  insoluble  in  alcobol  and  in  ether  : 
it  fuses  on  the  application  of  heat,  and  crystaUizes  on  cooling. 

Tbe  formation  of  these  two  compounds  is  explained  by  the 
following  equations  :^ 

B^n&hydnniidfr. 

'  +   4  HO ; 


fi/dride  of  D^DMrf I*        IJjJfoPT.  acid. 


3(C.,HA)    +  H,C,N   + 
2{C„HA)    +   H.C^N    f 


H3N   =  C„H,,N,0, 

H,N   =     ^€31^^  + 


4  HO, 

5.  Azobenzoyi  (C^H^i^l^'i)  ^^  ®  third  substance  which  was  ob- 
tained by  Laurent.  It  is  nearly  insoluble  in  alcohol,  but  soluble 
in  ether  :  on  the  application  of  heat  it  fuses  into  a  transparent 
mass,  resembling  gum  in  appearance. 

(i2n)  Alcohol  ojiht  Benzoic  Series  (C14H7O,  IIO  ;  Cannizzaro) 
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Sp,  gr,  of  liquid  1*0595  of  vapour  ^'64* — In  order  to  obtain  tliis 
coui pound  the  following  pirocess  is  adopted  ; — OU  of  bitter  alinonds  is 
dissolved  in  its  own  volume  of  alcohol,  and  this  liquid  is  miied 
with  three  or  four  times  its  bulk  of  an  alcoholic  solution  of  hydrate 
of  potash  (of  sp.  gr.  ro2o) :  a  considerable  evolution  of  he«t 
occui's,  and  a  copioits  deposition  of  crj^stals  of  benzoaie  of  potasi 
takes  place  ;  when  this  reaction  has  terminated,  boiling  water  i§ 
added  to  the  liquid  in  quantity  sufficient  to  dissolve  the  Ijenzoate. 
The  greater  part  of  the  alcohol  must  then  be  distilled  off,  and 
more  water  added  to  dissolve  the  benzoate  if  necessary  ;  the  turbid 
liquid  til  us  obtained  must  be  agitated  with  ether,  and  the  ethereal 
layer  which  separates  on  standing,  must  be  drawn  off  and  sub- 
jected to  distillation*  The  first  portions  consist  of  ether,  but 
subsequeu tly  pure  benzoic  alcohol  passes  over.  The  reaction  of  the 
potash  upon  t!ie  hydride  of  benzoyl  may  be  thus  represented  : — 


Hf  dride  of  Braznrl. 


]]r)iuoKt«  of  PctAAb, 


BfiiLtaic  AJcoboL 


a  (ChH,0,)   +   KO,  HO  =   KO,  Cj.H.O^  +  HO,  ChH^O. 

Bemcoic  alcohol  is  a  colourless  oily  liquid  which  boils  at  400*. 
It  is  readily  converted  by  nitric  acid  at  a  gentle  heat  into  oil  of 
bitter  almonds ;  and  is  transformed  by  chromic  acid  into  benzoic  , 
acid  :  Iwth  of  these  products  ai*e  the  results  of  oxidation,  which  j 
may  be  thus  represented  i — 

EofMoic  A^IctjLol.  Oil  ofDitler  Almnoda. 


CiiHjjOg    -i- 


o,  = 


BeBzoio  Acid, 


2  HO ;  and 


Cj.HA    +  O,  =    HO,Ci,HA    +    2  HO, 

It  is  obvious  that  oil  of  bitter  almonds  and  benzoic  acid  stand 
in  the  same  relation  to  benzoic  alcohol,  tliat  aldehyd  and  acetic 
acid  do  to  ordinary  alcohol  (vide  Table,  p.  430). 

If  benzoic  alcohol  be  distilled  from  hydrate  of  potash,  it  is 
decomposed  into  benzoate  of  potash  and  the  hydrocarbon  known  as 
toluole,  which  corresponds  to  oleiiant  gas  in  the  alcohol  series  : — 

BeiUQir  AlcuboU  Bi'ti*.  P^Hjuh.  To1qo1«. 


i 


3  (Ci.HA)  +  KO,  HO  =  KO,  Ci.HA  +  2(ChH«)  -f  4  HO, 
Benzoic  alcohol    may  be  made  to  yield  a   scries  of  etherSj 

among  which  are  the  following  ; — 


Boiling 

Eenzo-ether C^iH^O,  CjJIyO  about  590'' 

Bcnzo-hydrochloric  ether    .  C||H,C1  about  360* 

Benzo-acetic  ether    .     ,     ,  Cj^HyO,  C^  HjO^  4 id** 

Benzo-benzoic  ether .     .     .  Cj^HyO,  C14H5O3  653** 


BENZO-ETHERS — BK.VZOINE. 
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BtiizO'eiher  b  obtained  by  heatbig  benzoic  alcohol  witli  an- 
hydrous boracic  acid  in  a  closed  vessel  to  about  250°  for  some 
lioore.  The  boracic  acid  must  tlicn  be  extracted  with  IwiHng 
water  and  a  weak  solution  of  carbonate  of  soda,  and  the  residue 
mu^t  be  distilled  at  a  temperature  of  about  590'';  benzo-ether 
passes  over,  and  a  hydrocarbon  (C^gHi^)  remains  iu  the  retort  v — 


the 

feti 

I 


4  (Ci,H  A)  ^  2  (C.^HyO)  +  CssH^  +  6  HO. 

Benzo -hydrochloric  ether  when  heated  in  a  sealed  tube  with 
ammonia  furnishes  the  volatile  base  toluidtne,  Cj^lI.N,  which 
corresponds  to  ethylia  in  the  ethylic  series.  When  benzoic 
alcohol  is  mixed  with  oil  of  vitriol^  it  yields  a  compound  acid 
(HO,  Ci^lIyO,  SoOy)^  corresponding  to  the  sulphetbylic.  It  may 
be  obtained  in  cr}^stalline  plates, 

(laii)  Benzoine  (Cm^Hi^O^). — It  has  been  already  mentioned 
iliat  when  the  vapour  of  hydride  of  benzoyl  is  transmitted  over 
heated  hydrate  of  potash,  benzoate  of  potash  and  liydrogcn  are  pro- 
duced :  but  if  the  crude  essence  be  agitated  with  \is  own  bidk  of 
a  satui-ated  alcoholic  solution  of  potash^  the  oil  is  slowly  changed 
into  a  mass  of  crystal,  which  are  isomeric  with  the  hydnde  of  ben- 
zoyl :  the  same  change  occurs  if  the  piu^e  liydiide  Ijo  digested  with 
an  alcoholic  solution  of  cyanide  of  potassium  :  to  tlie  substance 
thus  formed  the  name  of  benzoine  has  been  given.  The  pre- 
sence of  hydrocyanic  acid  is  necessary  to  the  production  of  this 
metamorphosis ;  but  the  mode  in  which  it  acts  is  entirely  un- 
known, ftinee  it  remains  in  the  liquid,  unaltered  in  amount,  after 
the  change  has  been  cflected. 

Benzoine  may  be  obtained  in  a  state  of  purity  by  crys- 
lizing  it  from  boiling  alcohol,  in  which  it  is  reiidily  soluble. 
Ithcr  also  dissolves  it  freely.  It  is  nearly  insoluble  in  cold 
water,  but  is  somewhat  soluble  in  boiling  water.  Benzoine 
is  destitute  of  odour  and  of  taste :  at  248*^  it  fuses,  and  at 
a  higher  temperature  it  may  be  distilled  unaltered.  If  its 
vapour  be  transmitted  through  red-hot  tubes,  it  is  re-converted 
into  the  essential  oil  of  bitter  almouds.  Cold  sulphuric  acid 
dissolves  it  with  the  production  of  a  %dolet  colour.  Benzoine  has 
been  regarded  as  (C2aHi,04,  H),  or  as  the  hydride  of  a  new  ra- 
dicle stilbijl  (Cg^H^/JJ,  but  the  series  to  which  it  gives  rise  has 
been  hitherto  but  incompletely  investigated*  Wien  benzoine  is 
fused  with  hydrate  of  potash,  it  becomes  converted  into  benzoate 

H    H   2 
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of  that  base  with  evolution  of  hTdrogcn :  but  if  it  be  boiled 
with  an  alcoholic  solutioo  of  potash,  a  beautiful  violet- coloured 
solution  IB  formed  which  is  gradually  bleached  by  boiling,  whilst 
hydrogen  is  disengaged,  and  bejizilic  acid  remains  in  combiiiatioa 
with  the  potash  : — 

BauaiM.  BeuOate  of  P<rUah. 


CsqH^O^  -h  KO,  HO   =  KO,  CjaHnOs   +   2  H. 


Ben2ilk  or  BfdbtjUc  Acid  (HO,  Cj^HijOg)  is  obtained  by  decora 
posing  a  hot  solution  of  the  benzilate  of  potash,  by  means  of 
hydrochloric  acid :  it  crystallizes  from  the  solution  on  cooling,  in 
brilliant  needles.  Beiizilic  acid  is  sparingly  soluble  in  cold  water, 
but  is  freely  dissolved  by  alcohol  and  by  ether ;  at  248"*  it  melts  to 
a  colourless  liquid  which  becomes  red  at  a  higher  temjxjra- 
tiu-e  ;  when  heated  still  more  strongly  it  is  decomposed,  emit- 
ting fumes  of  benzoic  acid,  and  violet  vapours ;  the  latter  may  be 
condensed  into  a  reddish,  acrid,  oily  liquid,  Benzilic  acid  is 
soluble  in  oil  of  vitriol  with  a  beautiful  crimson  colour, 
which  disappears  on  diluting  the  solution.  The  benzilates 
are  monobasic;  those  of  silver  and  of  lead  are  white  and 
nearly  insoluble. 

(1213)  Bennk  (Cgj^HinO^),— ^Vlien  a  current  of  ddorine  is 
transmitted  through  melted  bcnzoine,  so  long  as  hydrochloric 
acid  is  evolved,  hydrogen  is  removed  and  benzile  is  formed.  It 
may  also  be  obtained  more  readily  by  heating  benzoine  gently  with 
twice  its  weight  of  concentrated  nitric  acid  j  benzile  rises  to  the 
surface  in  the  form  of  a  liquid  oil  which  solidifies  on  cooling ;  it 
may  be  purilied  Ijy  crystallization  from  ether  or  from  alcohol,  and 
is  deiKJsited  in  beautiful  regular  six-sided  prisms  which  are  of  a 
yellowish  colour.  Benzile  is  tfisteless,  and  insoluble  in  water. 
It  may  be  fused,  and  it  solidifies  again  between  194''  and  198*^ 
into  a  fibrous  mass.  At  a  higher  temperatiu'e  it  may  be  distilled 
unaltered.  Benzile  is  polymeric  with  benzoyl,  which  has  not 
hitherto  been  isolated.  It  contains  two  equivalents  less  of  water 
than  normal  benzilic  acid.  When  dissolved  in  a  hot  solution  of 
potash  it  forms  a  violct-coloiired  liquid,  which  by  boiliug  becomes 
colourless;  the  benzile  assimilating  one  equivalent  of  water 
becoming  converted  into  benzilate  of  potash : — 

BenxilKte  of  Potuh. 


I 


i 
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WHieii  beozlle  is  treated  with  ammonia  it  gives  rise  to  a  series 
of  compounds  which  contain  nitrogen,  viz : — 

IiiwbatuUtf.  B«iiiile« 


ft. 


Brnjiiljun, 


HjN 


H,N 


+  a  H,N 


—   aHO 


4  HO 


—    8  HO. 


3-  C«H,8N,     =  i(C«H,„0,) 

Chloride  of  StUhtjl,  or  of  Benzile  (C^HnO^,  CI).— When  per- 
chloridc  of  phosphorus  is  heated  with  lietizilic  acid,  a  violent  re- 
action occurs,  chloride  of  benzilc,  oxychloride  of  phosphorus, 
and  hydrochloric  acid  being  formed  : — 

BouUio  And.  Chtoridv  at  Stilltjl.  OiTcUor.  Plwtph. 

HO,  Ca^HiA -f  PCI5  =  C2,H,iO^  CI  +  HCl+'POjClg? 

By  collecting'  those  portions  which  distil  at  a  temperature 
above  482°,  chloride  of  beiizile  is  obtained  in  the  form  of  a 
colourless  oil  which  is  denser  than  water.  It  has  a  powei-fiil  and 
peculiar  odour ;  it  boils  at  about  5 1 8**j  and  on  exposure  to  air  absorbs 
moisture,  and  is  converted  into  licnzilic  aud  hydrochloric  acids; 
C^^HaO^Cl  +  2HO  ==  IIO^C^lliiO^  +  IICI.' 

(iai4)  Beuzoine  combines  with  ammonia,  and  forms  two 
crystallizablc  products,  which  are  obtained  by  digesting  benzoine 
for  several  weeks  iu  au  a(|Ucous  sokitiou  of  ammonia,  viz.  : — 


Bensomunido. 


Bc^voifM", 


B<*iiX4)tnjuti. 


-3(C^Hi20J  +4H3N-12HO; 


2.     C,,H,,NA  =:  2  (C25H12O J  +  2  H3N  —  6  HO. 

Benzoinamide  is  polymeric  with  hydrobenzaniide;  it  may  be 
fused  when  heated,  and  may  be  distilled  unchanged.  It  is  very 
sparingly  soluble  both  in  alcohol  aud  in  ether,  even  at  a  boiling 
temperature. 

Besides  the  compounds  already  descrilicd,  there  are  numerous 
others  derived  from  the  essence  of  bitter  almonds  which  coutain 
sulplmr  ;  but  for  a  description  of  them  the  reader  is  referred  to 
Gerhardt's  Traiie  de  Chimie  Ortjanique,  torn.  III.,  aud  to  various 
memoirs  there  cited  \  particularly  to  one  by  Laurent  [Ann.  de 
Chimie,  II L  i.  291). 

(12 15)  HiPi*LTHic  Acid  (HO,  CigHj^NO.,), — This  acid  is  a  eon- 
fttitueut  of  the  urine  of  the  hcrbivora,  aud  is  most  readily  obtained 


HO,  C^H^O,  +  a  HO  =  HO,  C^^H^O,  +  HO,  C.H^Oi. 

tts  abo   ibovii   thfti   kippniic  add    mftj  be   inepro- 
frora  cMonde  of  bens>f  I  and  die  csompoimd  of  oxide  of 
lie  with  ^iTOOcine : — 

H  Cj^H,*^  +  ZnO,  CJi^Oi  =  ZnCT  +  HO,  C^^H^NO^. 
^"  Pteparaikm. — Hipporic  acid  inajf  be  obtained  hj  adding  milk 
of  fime  to  the  fresh  urine  of  coirs^  boiling  for  a  few  nunutea, 
s^vaining  from  the  precipitated  phoaphates,  then  adding  hydro- 
cUoric  acid  to  exact  nentralization,  and  boiling  the  liquid  down 
to  one^eighth  of  Its  original  bulk ;  on  adding  hydrochloric  acid  in 
^o«i«idcrable  excess  to  this  concentrated  liquid,  brown  crystals  of 
l^Jppuric  acid  are  deposited ;  they  may  be  dissolved  io  hot  water, 
•od  decolorized  by  transmitting  a  current  of  chlorine :  the  sola- 
Wm  on  cooling  deposits  long  colourless,  tran^jparent  needles  of 
ic  acid.  Tbe^  crystals  often  become  milk-irhite  when  kept, 
t^ropirr(ies, — Hippuric  acid  crystdQizea  in  forms  derived  from 
rtombic  prism.  It  requires  about  600  times  its  weight  of 
^ater  for  solution,  and  is  still  less  soluble  if  this  liquid  be 
>ly  acidulated  with  hydrochloric  acid ;  boiling  water  dissolves 
^*J*ly,  BO  does  hot  alcohol,  but  it  is  nearly  insoluble  in  ether, 
iijric  acid  has  a  bitteri&h  taste;  its  solutions  redden  litmus 
fully.     The   acid   melts  at  a  gentle   heat,  and   appears   to 
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"mtn  ebullition  at  about  464°,  but  it  is  in  reality  becoming 
decomposed ;  tiie  distillate  contains  a  crystalline  sublimate  of 
benzoic  acid,  and  a  reddish  oil  (benzouitrile)  which  has  the  agree- 
able odour  of  the  Tonka  Ijean  :  hydrocyanic  acid  is  also  formed 
at  the  same  time,  and  a  considerable  rei^iidoc  of  carbon  h  left  In 
the  retort. 

//i//y>wrfl/e«.— Hippuric  acid  is  monobasic.  Its  comjKJunds 
wilb  the  alkalies  and  with  mapiesia  are  very  soluble,  and  are 
'  dystallized  with  diliiculty.  Acid  hipji urates  of  potash  and  of 
ammonia  may  be  obtained.  Htppnrale  of  lime  (CaO,  Ci^H^NOj, 
3  Aq)  crystallizes  in  beautiful  rliombic  prisms.  The  hip/mraic  0/ 
.  lead  is  deposited  from  concentrated  solutions  in  the  form  of  a 
dense  curdy  precipitate^  but  it  may  be  obtained  fi'om  very  dilute 
boiling  solutions  in  tufts  of  silky  needles  with  2  Aq,  which  gra- 
dually become  changed  into  broad  brilliant  quadrangular  plates 
(Pbd.  C„H,NO,,  3  Aq). 

Solutions  of  the  hippurates  give  white  insoluble  precipitates 
with  the  salts  of  silver  and  of  mercury  :  with  the  persalts  of  iron 
they  yield  a  characteristic  brown  precipitate.  The  hippurates 
when  in  the  solid  form  arc  readily  distinguished  by  distilling  them 
with  hydrate  of  potash,  when  they  furnish  ammonia  and  benzole. 

}lipj)uric  acid  is  soluble  in  concentrated  nitric  acid,  and  if  this 
solution  be  mixed  with  an  equal  bulk  of  sulphuric  acid,  carefully 
avoiding  any  elevation  of  tem[>erature,  it  produces  a  nUm-hippunc 
acid  (HO,  Cj^Hj,  NO^,  NO5),  which,  when  the  solution  is  diluted 
with  three  times  its  bulk  of  water,  is  gradually  deposited  in  crystals. 
If  the  solution  of  thin  acid  be  boiled  with  sulphuric  or  hydro- 
chloric acid  it  is  converted  into  nitrobcnzoic  acid  and  glycocine. 

Ey  boiling  hippuric  acid  with  a  strong  solution  of  potash,  it 
is  resolved  into  a  benzoate  of  the  base,  and  into  glycocine.  It  is  also 
resolved  into  benzoic  acid  and  glyeocinc  when  boiled  with  concen- 
trated hydrochloric  acid,  and  a  similar  change  occurs  if  dilute  sul- 
phuric, nitric,  or  oxalic  acid  be  employed  instead  of  the  hydrochloric. 

Considerable  diftL-rcncc  of  opinion  has  prevailed  respecting  the 
nature  of  liippuric  acid,  hut  the  reaction  of  chloride  of  benzoyl 
iq>on  the  compouud  of  oxide  of  zinc  with  glycocine  seems  to  indi- 
cate that  this  acid  is  truly  ben^^oyl-ytyeodne,  or  glycocine  in  which 
an  equivalent  of  hydrogeu  has  been  <lisplaccd  by  one  of  benzoyl, 
the  nearly  neutral  chanic*tcr  of  glycocine  being  changed  to  that  of 
an  acid  by  the  adtbtion  of  the  electro-negative  radicle  benzoyl : — 


110,  CiII^NOa 


llip(,iiirii'  Acid,  Of  Bt-niojl  Olye»:»ciDe. 

, ^ - 

HO,  C,H3(ChH,Oj)NO,. 
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This  view  is  etrengtlienerl  by  the  fact  timt  when  hippimc  nt 
is  boiled  with  peroxide  of  lead^  cartouic  acid  is  evolved,  and  ben- 
Katnide  is  formed ;  the  oxygen  iu  the  peroxide  of  lead  producing 
the  change  in  the  manner  illustrated  by  the  following  equation : — 

Uippuric  Acid-  Beii««tnide. 

. ^ H  ^ " * 

HO,  C4H3(Ci,HA)N03+6  0  =  2  HO  +  4  COj  +  H^N,  Q.HsO,. 

(1216)  Benzoglycollic  Acid  (HO,  CiyH^Oy). — Streckerwas  dis- 
posed to  regard  hippuric  acid  as  an  araidated  acid;  and  in  order 
to  test  tliis  theory  he  subjected  it  to  the  action  of  nitrous  acid, 
which  would  liberate  the  diJias^ic  acid  of  which  it  was  supposed  to 
be  the  amidic  compound  if  this  view*  were  true.  Instead  of  this  he 
obtained  a  ucw  monobasic  acid,  whicli  he  termed  the  hettzofflyeolliCf 
as  it  is  e\idently  a  compound  of  tlic  benzoic  and  glyeoUic  acids. 
Benzoglycollic  acid  may  be  obtained  by  exposing  a  solution  of  hippu- 
ric acid  in  nitric  acid  to  the  action  of  a  current  of  biuoxide  of 
nitrogen,  in  which  case  nitrogen  gas  is  evolved,  and  benzoglycollic 
acid  is  formed.  This  compound  is  produced  by  the  reaction  of 
nitrous  acid  tipon  hippuric  acid,  and  the  action  of  the  binoxide  of 
nitrogen  on  tlie  nitric  acid  merely  presents  nitrous  acid  in  the 
nascent  condition  to  the  hippuric  acid  j  2  KO^  +  NO^  =  3  NO3. 
Tlic  reaction  of  nitrous  acid  upon  hippuric  acid  may  be  thus 
repiTT^ented : — 

Hippurie  Add.  B^PROglycoUio  Acid. 

IloTci.H.Nb,  +  NO3  =  HoTc^sH.O,  +  HO  +  2  N. 

The  binoxide  of  nitrogen^  if  not  too  rapidly  transmitted^  is 
wholly  absorbed,  and  when  the  liquid  acquires  a  green  tint  the 
operation  may  be  terminated.  Crystals  of  benzoglycollic  acid  arc 
deposited  as  the  decomposition  proceeds,  and  on  adding  water, 
most  of  the  acid  is  separated  in  the  crystalline  form.  It  may  lie 
purified  by  converting  it  into  a  solution  of  benzoglycollate  of  lime, 
from  which  the  pore  acid  may  be  obtained  on  the  addition  of 
hydrochloric  acid.  Bcnzoglycoltic  acid  crystallizes  in  rhomboidal 
prisms^  or  in  thin  plates.  It  is  sparingly  soluble  in  cold  water, 
bnt  is  freely  dissolved  by  dcohol  and  by  ether.  Boiling  water 
alno  dissolves,  but  gradually  decomposes  it ;  if  the  acid  be  heiited 
with  a  quantity  of  water  insufficient  to  dissolve  it,  it  melts  to  an 
oily  looking  litpiid  ;  when  heated  with  dilute  acids^  it  is  resolved 
into  benzoic  and  glycoUic  acids  : — 

f<n*i»ir1y(^'<^llit<'  Acid.  B«>aiaic  Arid.  OlfCoUio  Aeid. 


i 
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The  benzoglycollatcji  are  monobanic ;  tlioir  solutions  may  be 
boiled  without  undergoing  cieoomiK>sition.  Beuzogly collate  of  sotla 
(NaOjCigHyOy,  6  Aq)  crystallizes  readily  in  large  rhomboidal  tables. 
The  salt  of  lime  crystallizes  in  delicate  needles  which,  e\*cn 
irhen  present  in  snriall  proportion,  fill  the  entire  volume  of  the 
liquid,  and  give  it  a  semi-solid  appearance.     The  salts  of  Imryta^ 

■  rinc  and  copper,  may  be  readily  obtained  in  crystals ;  the  persalts  of 
iron  give  a  bulky  cbaracteristie  tit?sh- coloured  precipitate,  which  is 
quite  insoluble  in  neutral  solutions :  the  lead  salt  is  insoluble  iu 
the  cold ;  but  boiling  water  disswjlves  it,  and  on  cooling,  deposits 
at  first  a  subsalt,  3  PbO,  2  (Ci^IIjOy)  3  Aq,  grouped  in  hemispberi- 
■  cal  stellate  masses  *  subsequently^  thin  feliort  needles  of  the  neutral 
salt  crystallize  from  the  solution* 

Strecker  and  Socololf  also  obtained  a  compound  of  benzoic 
witb  lactic  acid  termed  benzo-iactic  add  {HO,  C^Hj^Oy),  by  beat- 

11  ng  the  two  acidn  together  to  about  360**.      It  is  analogous  in  pro- 
pefties  to  its  homologue  bcnzoglycollic  acid. 
^-  2.  Essence  of  Cummin, -^Caminic  Series, 

^  (1217)  Hydrhde  of  Cumyl ;  Essence  of  Cummin  (Cj^MnOi,  H)  : 
Sp.  ffr*  of  f?«/;our  5'24. — The  essential  oil  obtained  by  distilling  the 
seeds  of  the  Cuminum  etjminnm  witli  water  consists  of  a  mixture  of 
byrlride  of  cumyl  and  of  a  hydrocarbon  (CadHii)  termed  cijmoie.  The 
hydrocarbon  is  homologous  with  benzole  (the  hydrocarbon  obtained 
by  the  distination  of  dry  bcnzoatc  of  lime),  and  tlie  oxi<)ized  por- 
tion is  homologous  with  h\"diide  of  benzoyl.  Hydride  of  cum}i  ia 
isomeric  with  essence  of  aniseed  and  of  fennel. 

The  two  components  of  the  oil  of  cummin  may  be  readily 
separated  by  agitating  this  oil  willi  a  mmleratcly  concentrated 
solution  of  bisulphite  of  soda  :  a  crystalline  compound  is  thus 
formed  which  yields  the  pure  hydride  of  cimiyl  when  bcatctl  with 
a  solution  of  potash  and  submitted  to  distillation. 

Hydn<le  of  cumyl  boils  at  428°  and  may  be  distilled  unaltered 
in  vessels  from  which  air  is  excluded,  but  if  exposed  to  the  air  it 
quickly  absorbs  oxygen  and  becomes  brown,  producing  cuminic 
acid  and  a  resinotis  compound.  Oxidizing  agents,  such  as  nitric 
and  chlorie  acids,  also  convert  the  hydride  of  cumyl  into  cuminic 
acid  :  if  it  be  treated  with  hydrate  of  potash,  cumiuate  of  potash 
is  produced,  whilst  hydrogen  is  liberated. 

(1218)  Cuminic  acid  (HO,  C^^JInO^),  may  be  prepared  by 
decomposing  cuminate  of  potash  with  hydrochloric  acid.  It  crys- 
tallizes in  colourless  plates  which  emit  an  odour  resembling  that  of 
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tbe  comiDon  bag  {cimex  lectutariMs) .  Ciminiic  acid  Is  fusibfe, 
may  be  diBtilled  unaltered  at  about  500''.  It  is  sparijiglf  soluble 
in  water^  but  freely  ao  in  alcohol  and  in  ether.  Famm^  nitric  add 
converts  it  into  nttro-cuminic  acid.  If  distilled  with  an  excess  of 
caustic  baryta  it  yields  a  hydrocarbon  (CjgUij)  termed  emmote 
which  is  homologous  with  benzole,  (^mmmie  aidt^drtde  may  be 
obtained  by  decomposing  dry  cominate  of  soda  with  oxydiloride 
of  phosphorus. 

The  cuminates  are  monobasic;  cuminate  of  bmyta  (BaO, 
Cj^HnOj)  forms  beautiful  iridescent  plates:  cuminate  of  sUrer  ia 
white,  insoluble,  and  anhydrous;  it  speedily  blackens  by  expo* 
sure  to  %bt. 

(1219)  Cuminic  alcohol  (Cj^HigO,  HO  ;  Kraut)  may  be  obtained 
by  treating  the  essence  with  an  alcoholic  solution  of  potash  in  the 
manner  directed  for  preparing  benzoic  alcohol  (1211).  It  is  a 
colourless  oily  Hquifl  of  an  aromatic  odour  and  burning  taste : 
it  boils  at  about  470",  and  may  be  distilled  unchanged.  It  does 
not  absorb  oxygen  when  exposed  to  the  air.  When  heated  with 
hydrate  of  potash  it  yields  cymole  and  curaimc  acid.  It  does  not 
form  a  colligated  acid  with  sulphuric  acid.  Cuminic  alcohol  is 
isomeric  with  the  oxidized  component  of  oil  of  thyme, 

(1220)  Cumyi  (CjijHn^aj  C^^HuOa) — When  hydride  of  curayl 
is  treated  with  potassium,  hydrogen  is  evolved,  and  cumyiide  of 
potOBgium  (CjoHxiO^,  K)  is  formed^  constituting  a  gelatinous  mass, 
1  equivalent  of  which  rapidly  absorbs  4  equivalents  of  oxygen  from 
the  air,  and  is  convertctl  into  cuminate  of  potash.  Water  decom- 
poses it  into  hydrate  of  potash  and  hyrlridc  of  cumyl.  When 
the  curayltde  of  potassium  is  heated  with  chloride  of  cumyl, 
mutual  decomposition  occurs,  and  cumyl  is  fonued  : — 

Oiunjlide  of  PolMdnm.    Chloride  of  Cumyl.  Comytide  of  Comjl. 

Cumyl  may  be  obtained  from  the  result  of  this  reaction  by 
treating  the  mass  first  \ni\\  a  weak  solution  of  potash,  in  order  to 
convert  any  undecomposed  essence  of  cummin  into  cuminate  of 
potash  I  and  then  agitating  it  with  ether  ;  the  supernatant  ethereal 
layer  which  contains  the  cumyl  in  solution  is  dried  over  chloride 
of  calcium,  and  heated  gently  to  expel  the  ether,  when  pure  cumyl 
is  left.  Cumyl  presents  the  appearance  of  a  viscous  oil  which  is 
heavier  than  water;  when  gently  heated  it  emits  mi  agreeable 
odour  like  that  of  the  geranium*  It  is  freely  soluble  in  boiling 
alcohol,  and  cannot  be  distilled  without  undergoing  decomposition  ; 
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hydrate  of  potash  converts  it  into  eliminate  of  potash,  whilst  a 
portion  of  oil  of  cummin  is  simultaneously  produced  : — 

Com^.  Hrdride  of  Cuniyl.  Caminatr  of  P»tMh. 

(1221)  Chloride  ofCumyl  or  Cuminic  ojcychloride  (CgoHnOj,  CI); 
Sp.gr.  rojo. — This  is  a  colourless  mobile  liquid  which  boils  at 
about  493°.  It  is  obtained  by  distilling  cuminic  acid  with  per- 
chloride  of  phosphorus. 

Many  other  compounds  of  the  cuminic  series  may  be  formed, 
analogous  to  those  of  the  benzoic  scries  which  have  been  already 
described. 

The  homologous  oils,  Ciell702,  H,  and  Cigllj^Og,  H,  intermediate 
between  hydride  of  benzoyl  and  hydride  of  cumyl  have  not  as  yet 
been  discovered,  but  the  acid  corresponding  to  the  first  of  these, 
the  ioluic  (or  toluylic),  is  known.  It  may  be  procured  by  oxidizing 
cymole  by  long-continued  boiling  with  nitric  acid  which  has  been 
diluted  with  about  six  times  its  bulk  of  water ;  and  it  is  probable 
that  by  Piria's  process  of  treating  the  lime  salt  of  this  acid  with 
formiate  of  lime  (noie,  p.  462),  the  aldehyd  (or  the  missing  hydride), 
CieH^O,,  H,  would  be  obtained. 

3.  Essence  of  Cinnamon. — Cinnamic  Series, 

(1222)  Oil  of  Cinnamon  :  Hydride  of  Cinnamyl  (CiJIyOg,  II). 
— ^Essence  of  cinnamon  and  essence  of  cassia  consist  chiefly  of 
hydride  of  cinnamyl,  with  a  small  proportion  of  a  liydrocarl)ou 
iflomeric  with  oil  of  turpentine.  The  commercial  essence  has  a  sp.  gr. 
varying  between  1*025  ^^^  ^'^5-  ^^  \iO\\^  at  from  430*^  to  445''. 
Hydride  of  cinnamyl  is  readily  obtained  in  a  state  of  purity  by 
agitating  the  crude  essence  with  a  solution  of  bisulphite  of  potash. 
The  crystalline  product  thus  obtained  must  be  pressed,  washed 
with  cold  alcohol,  and  dried;  after  which  it  must  be  dissolved  at  a 
gentle  heat  in  dilute  sulphuric  acid  :  the  hydride  of  cinnamyl  theu 
collects  upon  the  surface  of  the  liquid  in  the  form  of  a  colourless 
fragrant  oil.  This  oil  is  slightly  heavier  than  water ;  it  rapidly 
absorbs  oxygen  from  the  air  and  becomes  yellow,  owing  to 
the  formation  of  a  solid  resin,  mixed  with  cinnamic  acid.  Nitric 
acid  combines  with  the  hydride  and  converts  it  into  a  solid  mass 
of  crystals.  This  compound  is  immediately  decomposed  by  water 
into  nitric  acid  and  free  hydride  of  cinnamyl.  Dumas  made  use 
of  this  fact  in  separating  the  hydride  from  its  associated  hydro- 
carbon. 
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If  liytlride  of  cinnatiivl  be  boiled  ^dth  nitric  acid,  abundance 
hydride  of  benzoyl  is  evolved,  and  benzoic  acid  is  found  in  the  solu-l 
tion.  If  the  essence  be  boiled  with  chloride  of  limCj  benzoate  of 
lime  is  produced.  Chiozza  has  also  raade  the  interesting  obser- 
vation that  hydride  of  benzoyl  may  be  converted  into  oil  of 
cinnamon  by  dissolving  the  pure  hydride  of  benzoyl  in  aldebyd, 
and  saturating  the  mixture  with  hydrochloric  acid  gas :  on  the 
application  of  a  gentle  heat  tlie  hquid  becomes  brown;  and  on 
afterwanla  proceeding  to  distillation,  oil  of  bitter  almonds  first 
passes  over,  and  then  oil  of  cinnamon.  Oil  of  eiunamon  may, 
fact^  he  regarded  as  hydride  of  benzoyl  in  which  an  equivalent 
hydrogen  has  been  displaced  by  an  equivalent  of  acetyl  (C^Hs), 
which  case  the  reaction  in  the  foregoing  experiment  might  be  tht 
represented;  water  being  eliminated  under  the  iutluenc^  of 
hydrochloric  acid,  which  is  not  indicated  in  the  equation ; — 

H jdride  of  B«n«i}f  1.  A1di»lijd.  Hjdride  of  Cmaamyl, 


CuH  Ai  H 


b^ 


+  CJl^O^,  H  =  C,Ji,(C,H3)02,H  +  2  HO. 

"With  ammonia  the  oil  of  cinnamon  forms  a  crj^stalline 
solid  termed  cimihydramlde,  which  is  analogous  to  liydroben- 
zamide : — 

ny dride  of  Ci  nnAmyl .  Cmahydrftmidt. 

3  (C,,IlyO,,  H)  +  2  H,N  =  C54H24N,  -f  6  HO. 

Several  chlorinated  substitution   compounds  may  be  obtain 
from  oil  of  cinnamon  :  one  of  these,  ckiorocinnose  {C^J.{^C\fl.^,  H), 
crystallizes    in    white    needles,    which    are    fusible   and   may 
volatilized  without  decomposition, 

(1223)   Clnnamic    Acid    (HO,  CjgH^OJ.— When   hydride    of 
cinnamyl   is   heated  with  hydrate  of  potash,  hydi*ogen  is  evolv 
and  cinnamatc  of  potash  is  formed  :— 

B)rdn de  of  Cin  n Jiiu jL                                       Cimuunat  o  of  FoUah* 
r ^— ^  f ' . 

CieH.Og  +  KO,  HO  =   KO,  C19HA  +   2  H. 

This   acid   is  contained  in  many  balsams,   such  as  those 
storax,  of  tolu,  and  of  Peru ;  and  it  is  sometimes   deposited 
old  specimens  of  essence  of  cinnamon.     It  may  be  extracted  from 
stonix  and  from  balsam    of  tolu   after  distilling  off  the  portion 
which   can    be  volatilized  by  distillation  with    water,   by  trcatin 
the  residue  with  weak  solutions  of  carbonate  of  soda ;  the 
nxay  be  preeiiritatcd  from  the  impure  ciiniamate   of  eoda   by 
addition  of  hydrochloric  acid. 

Pure  cinnamic  acid  is   soluble  in  boiling  water,  from  which 
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it  cryBtalliies  in  brilliant  plates.  Alcohol  dissolves  it  with  facility. 
It  fuses  at  264",  and  at  560*^  it  enters  into  ebullition,  and  may  be 
distilled  unaltered. 

Nitric  acid  converts  it  into  ttiirO'Clnnamic  add  (IIO,  Ci^ll^, 
NO4,  Oj)  if  care  be  taken  to  avoid  heating  the  mass ;  otherwise  it 
ia  decomposed,  and  hydride  of  Ijonjsoyl  is  formed,  whieli  is  con- 
verted^ by  continuing  the  actiou,  into  benzoic  and  nitro-bens&oic 
acids.  If  cinnamic  acid  be  distilled  with  bichromate  of  potash 
and  sulphuric  acid  it  yields  hydride  of  l>enzoyl.  When  fused 
with  an  excess  of  liydratc  of  potash  it  is  resolved  into  acetic  and 
benzoic  acids,  whilst  hydrogen  is  liberated  : — 

Ciiitaamic  AciiL  AceU.te  of  Potuh^         BeitLCOst^  of  PotA«b« 

HO,  C,,Uy03  -t  ^  (KO,  nO)  —  KO.  C.HjOj,  +  KO,  C,^H,03  +  2  H. 

These  reactions  clearly  indicate   a   close  relation  between  ciu- 

uamie  and  l^enzoic  acids.      ludccd,  einuamic  acid  may  be  regarded 

as  benzoic  acid  in  which  one  equivalent  of  hydrogen  has  been  dis- 

laced  by  acetyl  (C^Ha)  ;  thus  HO,  Ci,H-0,  =  HO,  C^JI^tC  JI,)0^. 

The  ciunamates    are   monobasic  salts ;  tiiose    of  the   alkalies 

are   readily  soluble   and    are  crystallizuble.      A  solution  of  these 

salts  gives  a  yellow  precipitate  witli  the  pcrsalts  of  iron. 

If  cinnamic   acid   be    intimately   mixed    with   four   times    its 

weight  of  caustic  baryta   and   distilled,  it  loses  carlKuiic  acid,  and 

becomes  converted    into   cinnamole,    a  hydrocarbon    which   bears 

^  the  same  relation  to  the  cinnamic  series  that  benzole  does  to  the 

benzoic : — 


CinnRfnic  AdJ. 


IIO,  CjaliyO^  +  2  BaO  ^ 


Ciiitt»iiiote>. 
^16  lis 


-i-  2  (BaO,  COjj). 


When  cinnamic  acid  is  distilled  with  perchloride  of  phosphoras 
it  yields  a  compound  corresponding  to  chloride  of  benzoyL  It 
may  be  termed  chhride  of  €r/inumi/l,  or  vhiuamic  oxtjchhritk 
(C„HA,C1). 

(1224)  Styrone  ;  Peruvine  ;  Cinnamic  Alcohol  (HO,  Cj^HyO).- — 
This  substance  is  procured  by  the  distillation  of  styracin,  or 
metacinnamene  (Ca^lI^^O^;  1226)  with  a  concentrated  solution  of 
potash  or  of  soda:  a  milky  liquid  passes  over,  from  which  on 
sattirating  it  with  common  salt  a  whitish  cream  rises  to  the  sur- 
face, and  gradually  solidifies.  According  to  Toel,  cinnamic  alcoliols 
may  l)e  obtained  in  beautiful  silky  needles,  which  have  an  agree- 
able odour  of  hyacinths  :  it  fuses  at  91*",  and  may  be  distilled  un- 
altered.     Nitric  acid  liberutes  hydride  of  benzoyl  from  it. 

No  ethers  correspuuding  to  this  supposed  alcohol  have  as  yet 
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h€en  obtained.     ^Tien  exposed  to  the  action  of  atmospheric 
under  the  influence  of  platiiuim  black  it  yields  oil  of  ctnnamon, 
the  aldehyd  of  tliis  alcohol  (Strecker), 

(1225)  The  Slorax  from  which  the  preceding  compound  is  ob- 
tained is  a  giim-resin  of  the  consistence  of  honey,  and  of  a 
brown i&h*g:rey  colour  ;  it  lias  a  powerful  oppressive  odour  and  an 
aromatic  taste,  and  cousbts  of  a  mixture  of  styracinj  of  einiiamic 
acid,  of  a  peculiar  resiu,  and  of  styrole,  which  is  an  essential  oQ 
isomeric  with  cintiamole* 

Siyrole  (Cjollg,  Sp.  tjr,  of  liquid  0*924)   is  distin«rviished   from 
cinnamole   by   the  remarkable  change    which    it  experiences  om 
the  application  of  a  temperature  of  about  400^,  when  it  becomes 
converted  into  a  polymeric  solid  termed  mtiastyrole,  or  draconyL 
In  order  to  obtain  sty  role,  three  parts  of  storax^  and  one  of  car- 1 
bonatc   of  soda,   should   be  subjected  to  distillation  with  water: 
the  alkali  retains  the  cinnaraie  acid,  and  the   styrole  passes  over. 
It  may  be  distilled  at  294'^;  but  during  this  operation  the  residue] 
in   the  retort  is   apt  suddenly  to  rise  in  temperature,  and  to  be 
converted  into  mctastyrole.      Styrole  also  comes  over  mixed  with 
toluol e,  when  the  resin  termed  dragon's-blood  (fi-om  the  l>racmna 
draco)    is  submitted   to  distillation.       Styrole   is   a   very  mobile^ 
colourless  oil,  endowed  with  ao  aromatic  persistent  odour,  recalling  ^j 
that   both  of  benzole  and  of  naphthalin.      Allien  treated  with  bi-  ^H 
ehromate  of  potash  and  dilute  sulphuric  acid  styrole  is  converted  ^^ 
into  benzoic  acid. 

Melasiyrole  is  ]>olymerlc  with  styrole  and  with  cinnamole ;  it 
is  a  colourless  solid  of  high  refracting  power,  and  is  destitute  bothi 
of  smell  and  taste.     It  softens  on  the   application  of  heat,   andj 
may  be  drawn  out  into  threads.      It  is  insoluble  in  water  and  iii| 
alcohol,  and  is  but  very  sparingly  solu!>le  in  ether.      When  sub- 
jected   to   a  high   temperature  it  may  be  distilled,  and  is  re-con- 
vci^ed  into  styrole;  and  this  liquid  may  be  again  reduced  to  the 
stJid  form  of  metastyrole  by  heating  it  to  400*^  in  a  sealed  tulie, 

( 1 226)  Two  other  balsams,  closely  resembling  storax,  are  also  ractj 
with  as  articles  of  coranierce,  viz.,  the  balsams  of  Peni  and  of  tolu* 
Balsam  of  Peru  is  a  fragrant  resin  produced  by  several  specic^l 
of  legimiiuous  plants  of  the  genus  Myrospermum.  It  is  sold  in  the] 
form  either  of  a  hard  resin,  or  of  a  black,  semi-solid  body,  which] 
contains  a  peculiar  resin  and  two  other  closely  related  substanoea, 
viz.  chmamic  actd^  and  metaclnnainene,  or  sfyracin, 

Siyracin  (CjgHnjO^)   is  a   crystal lizablc  solid,   which   is   freely 
soluble  in  alcohol  and  in  ether;  it  is  polymeric  with  hydride  ofj 
cinnamyl :  it  fuses  at  111°.     When  treated  with  potash  it 
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goes  a  change  analogotia  to 
ncid  aad  styrotie  : — 

fitjrracia, 

KO,HO    = 


ponification,  and  iiinibhes  cinQaimc 


CtniiKtn.  PotMb* 


C|.H„0^  +  KO,  HO  =  KG,  C„HjO,  + 
Baham  of  Tolu  is  stated  to  be  the  produce  of  the  Myrospermum 
toluifernm.  It  is  met  with  ia  commerce,  in  the  form  either  of  a 
rusty  brown,  semi-transparent  resin,  or  in  that  of  a  soft^  dark 
coloured,  transparent  balsam,  of  the  consistence  of  turpentine, 
with  a  remarkably  fragrant  and  agreettWe  odour.  It  i»  composed  of 
the  aame  substances  as  the  balsam  of  Peru,  hut  the  proportion  of 
atyraciu  is  much  smaller.  The  solid  resinous  portion,  according  to 
E,  Kopp»  consists  of  two  res^ina  which  have  the  composition  of 
hydrated  oxides  of  styracin :  styracin  being  C3flHi/)|;  resin  a 
being  2  HO,  Cg^jH^^Od;  and  resin  |3,  4  HO,  CgjiHinOfl.  When 
balsam  of  tolu  is  distilled,  it  yields  benzoic  ether  and  a  hydro* 
carbon  (Ci4HiiJ  termed  toluole. 

4.  Oil  of  Spinea — Salicylic  Series. 
(1227)  Hydride  of  Saiiq/l ;  Salicylous  Acid  (H,  Ci^H^OJ  :  Sp. 
gr,   of  liquid   I'I73  ;   ^f  ^^p^^^  4*276, — When  the  flowers  of  the 

Imeadow.sweet  {Spirtpa  uimmia)  arc  distilled  with  water  they  yield 
an  essential  oil  which  consists  cliiefiy  of  a  fragrant  comimund 
iemied  hydride  of  saJictjl,  but  M-hich  also  contains  a  small  quantity 
of  a  hydrocarbon  isomeric  with  oil  of  turpentine,  and  a  crystalline 
substance  analogous  to  cami>hor.  If  the  essence  be  agitated  \rith 
||;lolution  of  potash,  the  hydride  of  salicyl  is  dissolved,  and  can 
afterwards  be  separated  by  the  addition  of  an  acid.  It  is,  however, 
generally  obtained  by  the  decomposition  of  salicin  (1234)  by  means 
of  bichromate  of  potash  :  2  parts  of  salicin  and  2  of  bichromate  of 
potash  arc  to  he  mixed  with  16  parts  of  water  in  a  retort,  and  3 
parts  of  oil  of  vitriol  diluted  with  H  of  water  are  to  be  added  ;  a 
slight  reaction  commences,  attended  with  extrication  of  heat,  and 
a  sparing  disengagement  of  gas :  as  soon  as  this  has  ceased  a 
gentle  heat  may  be  applied,  and  oil  of  spirsea  passes  over  and 
collects  in  the  receiver  in  the  form  of  a  heavy  oil.  Carl>onic  and 
^  formic  acids  ai'e  produced  at  the  same  time,  whilst  chrome  alum 
H  remains  in  the  retort.  25  parts  of  aaliciii  yield  about  6  of  tlie 
■Mienee.'*' 

^^       Hydride  of  salicyl  is  a  eoloiurless  oil,  which  by  exposure  to  the 
air  speedily  assumes  a   more  or   less   intense   red  tint*     It  boils 


I  *  BiiclsTicr  itat«i  that  the  uiieiq>andpd  flower  buds  of  the  incadow-Bwect 
contain  snlii'in,  and  tliia  suli^t^nce,  diirinf^  fltiwering,  by  exposure  to  the  air, 
ftbdorbs  oxygen*  and  tliua  furaislica  by dritle  of  ftolicyL 
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lorM&rfBieorpola 
i  lite  aalta  of  barjrU, 
» flf  bodi  Hie  oiidca  of 
a  eolovr.  1»l  tlie  moit 


alT«r^  and  vith   tbe 

of  copper  is  of  a 

_  ion  of  ki^dride  of 

fafiejrl  is  tlie  prodoctioii  of  an  inteojse  Tiolet  colour  vitli  tlie  p€r- 

aalla  of  mm,  viiich  gtadsallf  disappeara  bf  expoaBc  to  tlie  air. 

AauDoma  tfandonna  hjdride   of   nficjrl  into  mU^Ammide, 

i  '  '.'t/4Mdlr  ^  adom-saHqfl  or  CMoraMJiey&w  ^rtW 
(H«  <  _  .  >J» — ^Tlns  safaataiioe  va^  formetly  tenned  cUoritle  of 
aalicjiy^  bat  iU  readaoiia  show  that  it  is  more  correcdf  regarded  as 
aalkflooa  add  in  vliich  an  eqtuTalent  of  hjrdrogeii  has  been  dis* 
placed  bf  chlorine.  It  is  procured  br  transmittiBg  a  curreDt  of 
dry  cblorine  g&»  tlirongb  oil  of  spinea^  gently  heated :  copiooa  e^ohi- 
tion  of  hydrochloric  acid  endues^  and  as  soon  as  this  ccaaea  to  be 
evolved  the  transformation  is  complete;  on  aUoving  the  man  to 
cool^  the  compound  crystallizes.  It  may  be  diasolred  in  boiliEig 
alcohol^  wbich  deposits  it  on  cooling  in  ccdoorless,  rectangtdaTj 
glistening  plates.  It  melts  at  a  gentle  heat^  and  may  be  subUmed 
without  decomposition.  This  substance  is  insoluble  in  water, 
but  soluble  in  ether  and  in  oil  of  vitriol.  The  alkalies  dissolve  it 
and  form  crystallizable  salts.  The  chloro-salicylide  of  bariimi 
(Ba^  CiiH^ClO^j  Aq)  forms  a  yellow,  crystalline,  sparingly  soluble 
powder. 

Corresponding  compounds  may  be  obtained,  which  contain  re- 
spectively an  equivalent  of  bromine  and  an  equivalent  of  peroxide 
of  nitrogen,  in  the  place  of  the  equivalent  of  chlorine.  These  bodies 
likewise  combiae  with  the  alkalies  and  form  crvstallizable  salt^ 


i 
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•  Gerliardt  lias  obtained  a  compound  which  appears  to  he  the  true  c?^^ 

i^salic^l  {Ci^HjO^,  Ci)  by  the  action  of  perchlonde  of  phosphorus  on  oil  of  ] 

winter-green.  It  i«a  fuming,  BligUllj  coloured  liquid,  which  evolves  heat  %hen  , 

mixed  with  water,  whilst  the  chlnride  is  converted  into  eaheylic  and  hydro-  i 

iaMk>rio  acia«;  ChH^U^.  CI  H-  2  MO  =^  HO,  C^H^O^  -h  HCL 
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(1229)  ^^  ^^  ^  observed  that  hydride  of  salicyl  is  meta* 
meric  with  bensoic  acid.  It  is^  however,  supposed  to  be  formed 
by  the  union  of  hydrogen  with  a  peculiar  radicle^  termed  salicyl 
(01411504)9  which  contains  2  equivalents  more  of  oxygen  than  bcn- 
Boyl.  Although  neither  salicyl  nor  benzoyl  has  been  isolated,  yet 
a  compound  of  the  two^  salicylide  of  benzoyl  (CnHgO^,  CuII^OJ  is 
known ;  this  substance  may  be  procured  by  the  action  of  chloride 
of  benzoyl  on  hydride  of  salicyl  (Cahours) : — 

Hjdr.  Salioyl.  Chlor.  Braiojl.  Salicyl.  Deniojl. 

H     j  +      CI     5  -  C,,HA  )  "^  CI  j- 

It  is  a  yellow  crystalline  solid  which  fuses  at  260^,  and  may  be 
snblimed  at  about  356®.  It  is  identical  with  the  parasalicyl  of 
Ettling^  obtained  by  the  distillation  of  salicylide  of  copper. 

If  hydride  of  salicyl  be  fused  with  hydrate  of  potash^  hydro- 
gen is  liberated^  and  a  new  acid  is  formed^  which  stands  in  the 
same  relation  to  hydride  of  salicyl  that  benzoic  acid  does  to 
hydride  of  benzoyl ;  thus  : — 

Hjdrida  of  Salicyl.  Salicylate  of  Potash. 

H,  Ci4H,04   +   KO,  no    =    ko,  01,11,65    +    all. 

The  following  table  gives  a  synoptic  view  of  the  principal 
compounds  related  to  the  oil  of  spirsea^  embracing  the  compounds 
of  the  salicyl  series : — 

Oil  of  winter-green  )  C.H.O.Ci^H.O, 
(Salicylate  of  methyl  >  or 

or(multhericaci(l)  )  H0,C„1I^(C,H,)0, 
Gaultherateofpotaah  K0,C,,U^(C,II,)()3 
(iaultherateof  methyl  C.HCV  C,,U^(C,[1^0. 
Salhydramide   .     .     C„H,^N,0, 
Thioaalicole      .     .     C,^U,OA 


B^drideofBalicyl    ) 
(Saliqrloas  acid)  .   j 
Bftliejlide  of  potaasium 
Add     do.        do. 
Hjdride  of  chloro- ) 

nl]«7l    '    '     '    ) 
CSUoroaalieylide  of 

barinm  .     .     . 
Hjdride  of  bromo- 

MJicyl-  .     •     • 
Hjdride  of  nitro- 

■alu^l  .  .  . 
Ghloride  of  salicyl 
SaliejUdeof  bensuyl ) 
jTarmaalicyl)  .  .  { 
Saliojlic  anhydride 
BaUejUde  .... 
Salicylic  acid  .  .  . 
Salu^late  of  potash 
8a]i(7late  of  copper ) 

and  potash  .     .    \ 
Nifcroaalicylio .     .    ) 
(AiiUic)aGid   .     .   S 
Dinitrosalicylio  do. 
Ghloranlicjlio  do. 
DiehlonMoIicjlio  do. 

PART  III. 


H,C„H.O,  I 

K,C„U.O,,aAq  j 

K,C.,H,0,  +  H,C,,H.0j 
H,C,^H,C10,  I 

Ba,C„H^C10^,Aq 

H|  G|  ^H^Br0| 

H,C„H„NO„0, 
Cl,C,,H.O, 

c„n.o^c,,H,o, 

HO.a„H,0, 
K0,C„ll40.,Aq 

KO,C,4H^CuO»,2Aq 

HO,C,^H,,NO„0, 

HO,C„n,(NO,),(\ 

H0,C„H^C1()4 

U0,C„U,C1.0. 


Salicin  .     .     .     . 
C'hlorosalicin  .     . 
Dicblurosalicin 
Tricblurosalicin     . 
Hclicin  .... 
IIelia)idin 
SaliKenin    .     .     . 
CbloruMiligenin     . 
Dichlorosaligvnin 
Trichloruualigeiiin 
tialiretiu     .     .     . 


C„H„Cl(),<,4Aq 
C.Jl„cn,(),,,  2  Aq 
C„H„Cl,0,^,aAq 

CMH„0,„0„Il„0,^3Aq 

c„ii,(;k), 

C„H.C1,0. 

c„n,ci.o, 

C„H,0, 


Populin  or 
Benzoyl-aalicin  . 
Benzoyl-hclicin . 


C^oHw^ia.  4  Aq ;  or 
C^n„(C„H.(),)0,„  4Aq 


Coumarin 
I 


C..H.O, 


SALICYLIC    ACID — BALICYLATt«* 


(1350)  Saiiq/iic  Acid   (HO,  Ci^H^O.). — ^This  componml  raa 
be  obUuncni  aUo  by  ftisiog  hydrate  of  potash  in  a  silver  cap«ul<! 
mad    adding   salicin  iu  small   quantities  at  a  tinie^   taking 
af>t  'low    the   temjjeratiire   to  rise  beyond  750*^,      On  addii] 

lljii  ic  acid  to  the  mass  after  it  has  been  dissolved  in  wat€ 

fobcylic  a€td  is  precipitated.    The  acid  is  also  readily  prepared  from 
tbe  oil  of  winter-green,  by  boiling  it  for  a  few  minuter  with 
aqjatioti  of  caustic  potash ;  in  this  operation  wood  spirit  is  lil 
talady  aad  on  tbe  addition  of  an  acid^  salicylic  acid  is  precipitai 
(1136)  also  yields  this  acid   when   e.vposed  to  similfl 
It  is  likewise  obtained  by  decom}>osing  anthi 
add  (12S7)  witb  tutfous  acid. 

Saficjrlie  add  is  sfmringly  soluble  in  cold  water^  but  is 
■fciwtml  by  bodJng  water»  from  which  it  crystallizes  on  cooling  in 
tob^  slmder  oeedks.   It  fuses  at  316°,  and  if  pure,  may  at  a  higher 
temperatiire  be  sublimed  imaltered.    When  salicylic  acid  is  distilled 
with  an  excess  of  lime,  it  yields   carbonic  and   phenic    (carl 
adds  : — 

Batirjlic  Add.  Phenio  A«4d.l 

HO.  Cj.n^o,,  +  2  CuO  =  3  (Cao,  cOj)   +  HoTc^^. 

The  monobasic  salicylates   of  the  alkalies  yield  pure  phenic  add 

on  distillation. 

Saiicyhitcs, — Salicylic    add   forms  compoimds  which  are 
many    if^pct'ta  anomalous.      It  is    generally  considered  to  be  a 
monobiiisic  ncid,  but   it  forms  two  distinct  classes  of  salts,  one  ofad 
which  conttiins  one  e(|uivalent,  the  other  two  equivalents  of  basa^^ 
the    acid^    therefore^  has   been  represented  by  the   formula  HO, 
Ci^HftOo,  as  well  as  by  that  of  2  HO,  Cj^lI^O^.       The  monoba 
salts  may  be  preserved  unaltered  in  a  dry  state,  but  they  bccon 
brown  if  exposed  to  the  air  iu  a  moist  condition. 

The  soluble  salicylates  are  characterized  by  the  property  whid 
they  possess,  of  forming  an  inky  blue  precipitate  when  mixed  wilj 
solutions  of  the  persalta  of  iron.      Tliis  colour  disappears  on 
addition  of  free  hydrochloric  acid.     The  anomalous  character 
the    salicylates    renders  their    constitution    an    object  of    con 
derable  interest,  and  we  shall  therefore  describe  a  few  of  the 
couHK>unds. 

The  nwnobasic  salicylate  of  potash  {KO,  C14H5O5,  Aq) 
lallixt'S    from    its    alcoholic    solution    in    sUky    needles.        Pir 
(Liobig's  AfmaL   xciii.,   262),   has    obtained  a  double    saHcyi4 

^€9fftramdpoiash  (KO,  Cj^p^JOfi,  4  Aq),  which  crystallizes 


dd 
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large  emcraltl  green  plates.  The  ordinary  lime  salt  (CaO,  Cj^HsOg, 
^  2  Aq)  is  very  soluble,  and  crvi^tallizcs  iu  octohedra  of  great 
Ibeatity.      If  a  solution  of  this  salt  be  mixed   with  a  solution  of 

lime  in  syrup,  a  dibasic  salicylaie  of  lime  (CaO,  C^4^,  *c  ^6*  2  liO), 

II-  a  jj 

wliidi  18  sparinjs^Iy  soluble  in  water,  is  deposited  iu  hard  crystal- 
line grains.  The  aqueous  solution  of  tliis  salt  has  au  alkaline 
reaction,  and  is  deeom|M>sed  by  the  action  of  carbonic  acid,  car» 
bonate  of  lime  being  formedj  and  the  monobasic  lime  salt  being 
set   free.     A  similar  salt  may   be   obtained    with  baryta  (BaO, 

H  ^ 
Ci4-^^V  Oj,  4  Aq) ;  if  heated  to  2 1 2*^  it  loses  4  equivalents  of  water. 

With  lead,  salicylic  acid  forms  three  distinct  compounds  :  the 
monobaitic  salicyhite  of  lead  {PbO,  CijU^Oj,  Aq)  is  a  sparingly 
soluble  salt,  which  is  crvi^talline  and  has  a  silky  lustre.  If  tri basic 
acetate  of  lead  he  added  to  a  boiling  solution  of  this  salt,  a  dibasic 
salicylate  of  lead  is  deposited  as  a  heavy,   white,  crystalline,  an- 

H  1 
hydrous  powder  (PbO,  Ci^p.^fO^;  but  if  the  solution  be  decom- 
posed by  adding  an  excess  of  ammonia,    instead    of  the   tribasio 
acetate  of  lead,  the  liquid  when  boiled  deposits  SLpeniabasic  lead  salt 


(4  Pl)0,  c„ 


Pb)    ' 


These  anomalies  may  he  explained  by  supposing  that  the 
normal  salts  of  salicylic  acid  are  monobasic,  but  that  a  second 
equivalent  of  hydrogen  in  the  radicle  of  the  acid  admits  of  being 
displaced  by  a  metal,  thus  giving  rise  to  a  scries  of  salts  which 
present  the  characters  of  basic  salts, 

Gerhardt  has  found  {Ann.  de  Chimie,  III,  xlv.  90)  that  this 
second  equivalent  of  hydrogen  in  the  radicle  is  displaccahlc  by 
bcnzoyh  and  other  eleetm- negative  groups.  The  mode  of  forming 
those  compounds  %vill  be  best  understood  after  the  properties  of  the 
salicylate  of  methyl,  or  oil  of  wintergreen,  have  been  described. 

(12^1)  SaUajlate  of  Methyl;  Oil  of  IVinier-green^  or  Gauliheric 
Add  (CJ130,ChH,05  =  HO,C,,H,(C,H3)  OJ  ;  Sp.  pr.  of  tiqmd 
1*18  ;  of  vapour  5*42.^Thc  dowers  of  the  Gaulthei^ia  procmnbens 
furnish  an  essence  consisting  chiefly  of  salicylate  of  methyl,  mixed 
with  a  small  proportion  of  a  hydrocarbon,  termed  ffaultherilene, 
which  is  iROmeric  with  oil  of  turpentine.  This  liydrocarlx^n  boils 
at  320^,  and  constitutes  the  more  volatile  portion  of  the  essence ; 
the  salicylate  of  methyl  is  procured  by  collecting  separately  those 
portions  which  come  over  after  the  boiling  point  has  risen  to  432°, 

1  1  2. 
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at  which  point  it  contitiueti  stationary.  It  may  also  he  obtained 
artitieially  by  diKtilliiig  a  mixture  of  2  parts  of  crystallised 
salii'vUc  acid,  a  of  anliydrous  wood  spirit^  and  i  part  of  oil  ol 
vitriol .  ^y 

In  whichever  mode  it  is  obtained  it  presents  the  appearance  of  ^M 
a  cotourless   or  yellowish  oiJ,   of  a  powerful,   agreenblej   and  per-       ' 
sistcut  odour.     It  is  sparingly  soliiljle   in  water,   and   its   aqueous 
solution  acciuires  a  violet  tint  wlien  mixed  with  a  per&alt  of  iron. 
Several    substitution   products^   containing  chlorine,  bromine,  and 
peroxide  of  nitrogen,  may  be  obtained  from  the  essence. 

Salicylate  of  methyl  is  metanierie  with  anisic  acid ;  it  poesessea 
feeble  acid  properties,  and  if  mingled  with  a  cold  concentrated  solu- 
tion of  potash  it  becomes  converted  into  a  crystalline  mass,  termed 
f/aui(hvrat€  of  potash  (KO,  Cj^H^  (C^flH)  ^5)?  which  may  be  oVitaiued 
in  a  s.tatc  of  purity  by  rccrystallizjitiou  from  alcohol.  This  salt  is 
comptctely  soluble  iu  water;  on  tlie  addition  of  an  acid  to  the 
aqueous  solution  the  salicylate  of  methyl  is  separated  unaltered, 
but  if  tlie  solution  be  heated  with  an  excess  of  alkah,  wood  spirit 
is  liberated,  and  a  salicylate  of  potash  is  fonned.  The  essence  of 
gaultheria  may  be  regai*ded  as  existing  in  this  compound  in  the 
form  of  salicylic  acid,  in  which  an  equivalent  of  hydrogen  has  been 
displaced  by  an  equivalent  of  methyl,  If  the  solution  of  gaul- 
therate  of  potash  be  mixed  with  salts  of  baryta,  of  lead,  or  of 
mercuiy,  insoluble  gaultherates  of  these  bases  are  precipitated. 

(1232)  Oiker  Ethers  of  SaiieffHc  -4nW.— The  other  ethers  of 
salicylic  acid  also  present  the  jjroperties  of  acids,  and  Cahours  has 
made  the  singular  discovery^  that  they  may  be  again  etherified ; 
thus  a  gaultheratc  of  methyl  (C^lIjjO,  Ci^H4  (CaHg)  0^)  may  be 
procured  J  which  it  will  be  observed  correj^ponda  exactly  with  the 
dibasic  salts  of  salicylic  acid ;  the  dibasic  lead  salt,  for  instance, 
being  (PbO,  Ci^Il^  (Pb)  O^),  The  salicylic  ethers  may  be  acted 
upon  by  chloriue,  so  as  to  yield  substitution  compounds,  but  the 
action  of  chlorine  upon  these  ethers  is  anomalous.  In  the  case 
of  the  compound  ethers  generally,  the  etliylic,  or  methylic  portion 
is  that  which  is  first  attacked,  but  in  the  salicylic  ethers,  it  is  the 
acid  constituent  which  first  experiences  the  displacement  of  its 
hydrogen,  so  that  the  first  step  iu  the  reaction  is  the  formation  of 
a  chlorosalicylic  ether. 

Induced  by  considerations  arising  partially  out  of  these  facts, 
Gcrliardt  was  led  to  attenq>t  the  formation  of  ethers  in  which 
the  salicylates  of  methyl  and  of  ethyl  should  act  the  part  of  an 
alcohol ;  and  he  succeeded  in  obtaining  compounds  corresponding 
to  ilie  ethers  : — thus,  if  chloride  of  benzoyl  (benzoic  oxy chloride)  be 
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marie  to  act  upon  oil  of  giiultheria,  a  compound  is  obtaiucdi  tamicd 
\benzoute  of  methyl'Salicyl  (Cj^Ii^,  C^Hj^O^,  Ci^lljOj)^  which  crystal- 
liaea  iu  rhombic  prisms  :*— 

8«licyUt^  of  Me tbjl  CUor.  BmMjFi  B«km»Ce  or  MeUtyUiOicyl. 


C.H^O,j    ^ 


C,,H,(C,HJOjp        H. 

f  ^«     ^  CI      J    -  (ChH,0,|}*^«  +  CI' 

and  by  employing  an  oxjcldoridc  of  a  dibasic  acid,  such  a»  the 

( succinic^  a  dibasic  ether,  micciriaie  of  nteihyhsaiiiyl  [2  (Ci^II^, 
C^H;,,  O^),  Cj^HiOi,]  may  be  formed,  atul  obtained  crystallized  from 
its  alcoliolic  solutiou  iti  fibrous  rectangular  plates. 

I  (^233)  Salicylic  anhydride  (CnHfiOg,  CuHgOft)  may  be  pro- 
cured by  the  action  of  oxychloride  of  phosphorus  on  dry  sali- 
cylate of  »oda  ;  at  the  same  time  a  quantity  of  salicyVule  (Cj^HgOg) 

\i&  produced.  The  latter  body  is  analo^ouja  to  lactide  (1104); 
it  contains  two  etiuivalcata  of  water  less  than  are  present  in  sali- 
cylic anhydride.    Both  aahcylide  and  salicylic  anhydride  are  rapiiUy 

I  converted  into  ordinary  salicylic  acid,  when  heated  with  a  solution 
of  potash* 

When  salicylic  acid  is  swallowed,  a  portion  of  it  fiuda  its 
way  into  the  urine,  but  it  becomes  converted  into  a  crystal- 
livable  eollijjated  combination  of  glycocine,  termed  salicyluric  acid 
(HO,  Ci^H^NO-)  by  a  process  analogous   to  that  winch  eonverta 

[  benzoic  acid,  under  similar  circumstances,  into  hii>puric  acid.  The 
solutions  of  salicyluric  acid  give  a  violet  colour  with  pcrsalts  of 
iron.  When  boiicd  with  concentrated  hydrochloric  acid,  salicyluric 
acid  splite  up  into  sahcyhc  acid  and  glycocine. 

Portions  of  the  hydrogen  in  salicylic  acid  may  be  displaced  by 
chlorine  and  by  bromine,  forminj^  cklorosalicyiic  and  dlchlorosali* 

\Cjflic,  bromosulicylic  and  dibromosalicylic  acids.  A  mixture  of 
hydrochloric  acid  and  chlorate  of  potash  converts  salicylic  acid  into 
chlorauile  (perchlorokinoue)  Ci^Cl/)^. 

Fuming  nitric  acid  converts  the  salicylic  into  nitro-saHcyUc 
(Indigotic  or  anilic)  acid,  (IKXCuHt^NO^^O,,),  and  by  prolonged 
digestion  with  it  furnishes  carbazotic  acid  {H0»  C^^ll^  (NOJ3  O). 
Nitrosalicylic  acid  may  also  be  obtained  l>y  adding  indigo  in  small 
quantities  at  a  time  to  boiling  nitric  aeid^  which  has  been  pre- 
viously diluted  with  ten  or  twelve  parts  of  water:  as  the  liquid 
cools  the  acid  crystallizes.  It  is  sparingly  Bolublc  in  cold  water, 
but  freely  so  in  boiling  water  and  in  alcohol  :  it  fuses  eajsily, 
and  may  be  sublimed   unaltered  at  a  gentle  lieat.      Its   solutions 

I  when  mixed  with  the  perf^alts  of  iron  give  a  red  colour.  With 
salts  of  lead  it  gives  a  pale  yellow  voluminous  precipitate  (PbO, 
Ci^H^XO^,  O^  Aq).     The  salts  uf  potash  and  of  ammonia  may  be 
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obtained  in  orange-coloured  silky  needles.     A  dinit totality Uc  add 
[HO,  CiJI,  (NO J,  OJ  may  also  be  formed. 

(1254)  Salicix  (C^IIwOiJ. — This  substance  has  been  made 
the  anbjeet  of  a  series  of  interesting  researches  by  Piria  (Ann,  de 
Chkmie,  IL  Ixix.  281  ^  and  111.  xiv.  257)*  Salicin  is  contained  in 
the  Wk  of  most  of  the  willows,  and  confers  upon  them  their  pe- 
bittcmcsa.  It  is  procured  by  adding  to  an  ai|ueou9  infii- 
of  tbe  bark,  hydrated  oxide  of  lead^  by  which  the  tannin  and 
jyJcMCTMig  nuilters  are  remoTcd^  and  then  on  filtering  and  eva|K>- 
ftttiog  the  liquid  tlie  salicin  is  obtained  in  crystals.  It  is  .^jluble 
in  fi^e  or  stx  parts  of  cold  water,  and  h  still  more  readily  dissolved 
bj  akfAi?!,  These  solutions  exert  a  left- handed  rotatory  action 
mjfsm  m  my  oTpolaariied  light.  A  solution  of  salicin  is  not  precipitated 
hgr  iafttsioik  of  gelatin,  nor  by  one  of  tannin,  but  with  an  amnioiiiacal 
colitioii  of  acetate  of  lead  it  yields  a  precipitate  consisting  of 
CipHj^Ph^O,^.  AVhen  salicin  is  moisten^  with  strong  guli»huric 
add  it  acquires  a  deep  red  colour,  and  a  compound  acid  ia  formed 
which  has  been  termed  syZ/jho-rtfJic  acid. 

When  salicin  is  boiled  for  a  few  minutes  with  dilute  sulphuric  or 
hydrochloric  acid  a  remarkable  change  occurs  ;  grape  sugar  is  found 
ill  the  solution,  and.  on  nexitralizing  the  acid,  the  liquid  strikes  a 
Tery  intense  blue  with  the  persalts  of  iron,  owing  to  the  presence  of 
saliffenin  (Ci^H^Oj),  On  agitating  the  solution  with  ether,  the 
saligenin  is  separated,  and  may  be  obtained  on  evaporation  crystal- 
lizeil  in  pearly  tables,  which  fuse  at  180"^.  A  similar  transformation 
is  eflccted  when  salicin  is  mixed  with  a  s<»lution  of  B3mapta8C 
{naie  p.  407).  The  change  which  occurs  may  be  thus  represented: — 

Salicin.  SaligiMUD.  Glucose. 


^M^igOu  + 


+ 


CiaH 


14^U' 


4  110   =  ChH.O, 

By  heating  saligenin  carefully  in  close  vessels  two  equi%*alcota 
of  water  are  expelled,  and  a  resinous  body  named  saiirtftin  (C^iHijOg) 
remains.  The  same  cHect  is  produced  by  boiling  salicin  or  sidigc- 
nin  for  some  time  with  a  dilute  acid  ;  the  solution  lieeomes  turbid 
Rud  deposits  the  resin,  which  is  insoluble  in  water,  but  soluble  in 
alcohol,  ether,  and  concentrated  acetic  acid.  It  acquires  a  red 
colour  when  moistened  with  oil  of  vitrioL 

When  salicin  is  heated  to  248^  it  fuses,  and  at  a  higher  tern 
peraturc  is  eompletely  decomposed.  If  heated  with  hydrate  of  [jotash 
it  is  also  decomposed,  and  oxalate  and  salievlutc  of  |K>tiish  are  formed. 
Concentrated  nitric  acid  converts  salicin  into  oxalic  and  carba- 
jktic  acids.    If  salicin  be  boiled  with  sulphuric  acid  and  peroxide  of 
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Tiaii^^iiTirsc.  formic  acid  is  the  principal  product.  But  the  mc>st 
int^Testing  trauftformatiou  of  which  it  is  susceptible  is  that  pro- 
duced by  chromic  acid  : — ^if  i  part  of  salicin  be  mixed  with  i  part 
of  bicUroiiiate  of  potash,  ij  of  sulphuric  acid,  and  20  parts  of 
water,  on  the  application  of  a  gentle  heat  formic  and  caibonic 
acids  are  produced,  whilst  a  fragrant  oily  liquid  distils  over  with 
the  vapour  of  water,  and  condenses  in  tlie  receiver  ;  it  bas  exactly 
the  odour  of  the  meadow-sweet  or  the  heliotrope,  and  analysis  ha^* 
proved  it  to  have  the  same  com  position  (Ci^H^OJ  as  the  essential 
oil  of  these  plants.  Both  saligenin  and  saliretin  also  yield  oil  of 
I,,  spirsea  when  treated  with  biehroitiate  of  [)otash  and  sulphuric  acid, 
Hihe  change  efiectcd  being  simply  one  of  oxidation  :^ — 

^K  8*IiR«tim«  Oil  of  l^pir»ii, 

I  salic 


8«ltrritio. 


+    O,    =    11,  Ci,H,0^    +    2  HO ;  and 


C,,HA    +    0,    =    H,  CuH.O,. 

Chlorine  proiluces  three  different  substitution  products  with 
;in;  viz,  a^H.^CIO,,;  QJIioCLO,,;  and  a«Hi,CI/>,,.  AVhea 
digested  with  emulsin  they  each  furnish  a  corresponding  ehloriuated 
form  of  sail genin  (see  table,  p.  481),  and  if  boiled  with  dilute  acids 
each  yields  a  corresponding  chlorinated  form  of  suliretin. 

Hdicin  2  (C^dlliflOiJ,  3  Aq. — Wlicn  one  part  of  saltcin  is 
digested  without  the  application  of  heat  in  10  parts  of  nitric  acid 
of  s^p.  gr.  ri6o  for  tweuty-four  hours,  it  l>eeonies  gradually  dis- 
solved, aiul  loses  2  equivalents  of  hydrogen  ;  the  solution  acquires 
a  yellow  colour,  and  crystals  of  helieiu  arc  deposited  :  the  motber 
liquor  must  be  removed  by  submitting  the  crystals  to  pressure  in 
linen,  after  which  they  most  be  wasiicd  with  cold  water  and  with 
ether,  which  leaves  them  in  a  state  of  purity.  Ilelicin  crystallizes 
in  small  delicate  colourless  needles,  which  arc  very  soluble  in  boil- 
ing water  and  in  alcohol,  but  not  in  ether.  It  has  a  bitterish 
taste;  when  heated  to  212°  it  loses  its  water  of  crystallization  ; 
it  fuses  at  347°j  and  is  gradually  decomposed,  becoming  converted 
into  an  insoluble  rcHUioid  mass.  Under  the  iofbienee  of  alkalies, 
or  of  euiuliiin,  helieiu  assimilates  the  elements  of  water  and  is 
converted  into  oil  of  spinea,  and  glucose  :~ 

Hrlifin.  Oil  vC  Spirsra.  0lucof»«. 

C,JI^4    +    4  HO    =    cS^i    +    ci^lCo?,. 

Dilute  nitric  acid  also  decomposes  lielieiu,  and  liberates  oil  of 
spinca.  When  boiled  with  dilute  nitric  acid,  nitro salicylic  (HO, 
CuH^,  NO4,  O^)  and  oxalic  acids  are  formed* 
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Hdicotdm  (QJ^aAn.  3  Aq  =  CaJiiHO,!,  C^HioOu,  3  Aq)  is 

a  cryi^talliiie  compoaud  v\  Inch  is  the  result  of  the  imperfect  oidda- 
tion  of  suiicin  It  is  prepared  in  the  same  manner  as  belicin^  but 
the  specific  gravity  of  the  nitric  acid  employed  must  not  exceed  i'09. 

Both  chlorine  and  bfomine  forra  compounds  with  helidn^  in 
which  J  equivalent  of  hydrogcu  is  displaced  by  an  equivalent  of 
chlorine  or  of  bromine,  the  formula  of  cldorohelicin  being 
C2,|ni5C10i4 :  it  is  decomposed  by  emulsin  into  glucose  and 
chloride  of  salicyl* 

Nature  of  Saltctn. — The  foregoing  observationa  and  experiments 
appear  to  lead  definitely  to  tlie  conclusion  that  salicin  must  be  re- 
garded as  a  colligated  body  derived  from  saligenin  and  grape  sugar, 
Saligenin  is  a  substance  wliicb  readily  undergoes  transformations 
by  chemical  agents^  being  converted  by  sulphuric  acid  into  a 
peculiar  retl  compound,  by  nitric  acid  into  carbazotic  acid,  and  by 
other  oxidizing  agents  into  oil  of  spiraea.  When  salicin  is  sub- 
mitted to  the  action  of  chemical  agents,  the  saligenin  is  the  con- 
stituent which  is  first  affected  if  tliese  agents  act  with  moderate 
inteusity  ;  whilst  the  sugar  either  remains  in  combination  with  the 
modified  saligenin,  as  in  the  various  forms  of  chlorosalicin,  or  it  is 
set  at  Uberty.  If  the  reaction  be  more  violent,  the  elements  of 
the  sugar  also  take  part  in  the  clumgcs  which  aie  effected  :  for 
example,  when  salicin  is  oxidized  by  chromic  acid,  the  saligeniii 
yiekls  the  oil  of  spirsea,  and  the  sugar  produces  formic  acid. 

(1235)  Popnlin  [C^Hs^Oi^  4  Aq  =  C36ll,7(Ci^H,Oa)<^i4i  4  Aq], 
— This  compound  may  be  regarded  as  salicin,  in  which  one  equiva- 
lent of  Imlrogeu  has  been  displaced  by  benzoyl.  It  is  found  in  the 
bark  and  the  leaves  of  the  aspen  [Populus  tremula),  and  probably 
also  in  other  varieties  of  the  poplar.  It  is  extracted  by  a  process 
similar  to  tliat  employed  for  salicin,  Fopulin  requires  about  70 
parts  of  boiling  water  for  its  solution,  and  2000  parts  of  cold  water ; 
it  is  fi'cely  soluble  in  boiling  alcohoL  When  crystallized  from  a 
hot  aqueous  solution  it  forms  colourless,  silky,  extremely  delicate 
needles,  which  have  a  sweetish  taste  resembling  that  of  liquorice; 
these  crystals,  if  heated  to  212",  lose  4  equivalents  of  water;  at  a 
higher  temperature  they  are  decompo**cd,  benzoic  acid  being 
amoiij^st  the  products,  Wheti  boiled  with  baryta  water  for  a  few 
minutes,  a  clear  solution  is  obtained,  and  on  separating  the  excess 
of  l>arvta  by  mearis  of  a  current  of  earbonic  acid,  the  solution  is 
found  to  coataiu  sahciu  and  benzoate  of  baryta  : — 


I 


« 


4 


i 


-*,u«o„ 


+     no.  BaO    =     BttO,  C„H,0,     + 
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When  boiled  with  dilute  acids  populin  is  decomposed  into  a  mix- 
ture of  benxoic  acid^  saliretin  and  glucose  : — 

PopoKii.  Bensok  Acid.  Saliretin.  GlneoM. 

Synaptase  is  without  action  upon  populin  :  concentrated  nitric  acid 
converts  it  into  a  mixture  of  nitrobenzoic^  carbazotic  and  oxalic 
acids:  dilute  nitric  acid  converts  it  into  benzoylhelicin,  CjeHjj 
(Ci^HjOjjOi^.  A  mixture  of  bichromate  of  potash  and  sulphuric 
acid  liberates  oil  of  spiraea  from  populin  in  abundance. 

(1236)  Coumarin  (CigllgOJ. — This  substance  is  found  in  the 
Tonka  bean  [Coumaroma  odor  at  a),  in  the  common  mclilot,  in  the 
sweet  scented  vernal  grass,  to  which  much  of  the  fragrance  of  hay 
is  owing,  and  in  several  other  sweet  scented  plants.  Coumarin 
is  most  easily  extracted  from  the  Tonka  bean  by  digesting  the 
powdered  seeds  in  alcohol ;  on  evaporating  the  alcoholic  solution, 
crystals  of  coumarin  are  obtained,  and  may  be  purified  by  digestion 
with  animal  charcoal,  and  by  rccrystallization.  Coumarin  assumes 
the  form  of  colourless  rectangular  plates,  or  of  rhombic  prisms 
with  slightly  rounded  faces.  It  melts  at  l22^  and  boils  at  518°; 
at  which  temperature  it  may  be  distilled  unaltered.  Its  vapour 
has  an  agreeable  aromatic  odour.  It  has  a  burning  taste,  and  is  but 
slightly  soluble  in  cold  water,  though  it  is  freely  dissolved  by  boiling 
water;  the  solution  on  cooling  deposits  coumarin  in  silky  needles. 
Dilute  acids  dissolve  it  without  alteration.  Concentrated  nitric 
acid  converts  it  at  first  into  nitrocoumarin  (CmH5(N04)04),  but  by 
prolonged  boiling  it  transforms  it  into  carbazotic  acid.  Substi- 
tution compounds  containing  chlorine  and  bromine  may  also  be 
formed  from  it.  One  of  its  most  singular  compounds  is  obtained  by 
heating  coumarin  with  a  solution  of  perchloridc  of  antimony  in 
hydrochloric  acid  :  gas  is  evolved,  and,  as  the  liquid  cools,  a  canary- 
yellow  precipitate  (CigllgO^  SbClg)  is  deposited  in  crystals. 

When  coumarin  is  boiled  with  a  concentrated  solution  of 
hydrate  of  potash  it  assimilates  the  elements  of  water,  and  is  con- 
verted into  coumaric  acid,  which  combines  w  ith  the  potash  : — 

Coanutrin.  Coumarat«  of  Potaah. 

CisHeO*    +    KO,  HO    =    KO^C.^UjO,. 

Coumaric  acid  crystallizes  in  brilliant  transparent  plates,  which 

may  be  obtained  by  decomposing  a  hot  solution  of  coumarate  of 

potash  by  hydrochloric  acid.     It  fuses  at  about  374*;  at  a  higher 

temperature  it  is  decomposed,  yielding  a  crystalline  sublimate,  and 

.  an  oil  which  combines  with  potash,  and  reddens  the  persalts  of  iron. 
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When   cotimaric  acid  is  fused  with  hTdrate   of  potash^  ii 


dccomponcd    itita  acetate  and  saLtqrUle  of  Uus 
whilst  hydrogen  escapes : — 


(< 


r  feunel,  of" 
soli^ 


no,  C^^U jO^    +  3(KO,  HO)  =  KO,C^H,0^+  KO,  C^H^O,  +  jH. 

5,  Oil  of  Aniseed, — Anisic  Series, 

{1237)  The  easential  oil  ftiraished  by  the  seeds  of 
anmintf  or  cotiinioii  anise,  of  the  Aneihim  fopnicftlumf  or  feunel,  of 
the  lUitium  anuaium,  or  star  anifie,  and  of  the  Artemisia  drac%m^ 
cuius  or  tarrjigoii,  are  rlo!4ely  allied  to  each  other ;  they  raiy 

odour,  but  all  consist  of  two  portions^  one  of  whieh  is  a  hy 
earliuii  i*iomeric  with  oil   of  turpentine,  and   the  other  is  a  soi 
crystalline  oxidized  compound  (CjoHj^O,),  which  is  conTcrtible  by 
oxidation  into  hydride  of  auisyl  (CjeH704,  H). 

Solid  Essence  of  Aniseed  (CjjqH^Oj)  ;  Sp,  gr.  of  solid  roi4; 
of  vapour  5' 19. — ^I'he  crude  essence  of  aniseed  contains  nearly 
four-fifths  of  its  weight  of  this  oxidized  compound  j  which  may  be 
separated  by  ex[jo8iiig  tlie  oil  to  a  low  temperature,  submitting 
the  magma  to  pressure  between  folds  of  filtering  paper,  and 
tallizing  the  residue  from  hot  alcohol  (sp.  gr.  0*850).  The  so. 
essence  thus  obtained  fuses  at  65*^,  and  boils  at  432".  This  8ub«^ 
stance  when  treated  with  chlorine  or  with  bromine  yields  substi 
tution  compounds, 

Wlien  essence  of  aniseed  is  mixed  with  concentrated  oil  of  vitriol 
it  is  dissolved,  and  a  red  solution  is  formed  ;  on  the  addition  of  wai 
this  solution  is  decomposed,  and  a  substance  tcrraed  aniisoine^  isomi 
ric  with  the  solid  essence,  is  precipitated  in  white  resinoid  masses, 
A  similar  change  is  produced  by  treating  the  essence  with  bichlo- 
ride of  tin  or  with  tercbluride  of  antimouy.  This  modification  is 
insoluble  in  alcohol,  but  is  soluble  in  ether  and  the  cjssential  oiU: 
it  is  ratlier  heavier  than  water,  and  is  fusible  above  aia**.  Tl 
oils  of  taiTagon  and  of  bitter  fennel  apjiear  each  to  contain  a 
tinct  com|)Ound  whicli  is  isomeric  with  anisoine  and  witli  the  sol 
portion  of  oil  of  anise  ;  the  principal  portion  of  essence  of  tarragi 
consisting  of  a  modification  whieh  boils  at  403",  and  requires  a  I 
temperature  for  its  solidification.  These  bodies,  when  oxidized,  yield 
anisic  acid,  and  other  products  whieli  arc  idcutieal  with  those  fur- 
nished by  oil  of  aniseed.  Oil  of  cummin  is  abo  isomeric  with  the 
solid  cs^sence  of  anise,  but  the  products  of  its  oxidation  are  different 

(1217)* 

If  oil  of  aniseed  be  heated  in  a  sealed  tube  to  4Jo^  iu  cont 
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With  a  mixture  of  hydrate  of  soda  and  lime,  a  small  quantity  of 
an  acid  is  formed,  which  is  isomeric  with  cuminic  acid,  but  not 
identical  with  this  compound. 

The  action  of  nitric  acid  upon  oil  of  aniseed  gives  rise  to  a 
series  of  compounds  which  have  been  particularly  examined  by 
Cahours.  They  present  a  close  analogy  with  the  compounds  of 
the  salicylic  series.  They  may  be  regarded  as  containing  a  radicle 
termed  anisyl  {Ci^^Oj^,  which  may  be  viewed  as  a  homologiic  of 
salicyl,  or  as  a  body  in  which  one  equivalent  of  hydrogen  has  been 
displaced  by  an  equivalent  of  methyl ;  thus — 

Salicyl      .      .      Ci.JJ^Jo,;      Anisyl      .      .      C,,p"^Jo,. 

The  principal  members  of  the  anisic  group  are — 

Hydride  of  anisyl     ....  CjeHyO^,  II 

Anisic  acid IIO,  CjeHyO^,  O 

Chloride  of  anisyl    ....  CjeHyO^,  CI 

Anisine C^Hj^NoOg. 

(1238)  Hydride  of  Anisyl  (CiJIyO^,!!) ;  Sp,  gr,  109. — When  oil 
of  aniseed  is  acted  upon  by  dilute  nitric  acid  a  reddish  oil  is  obtained, 
consisting  of  a  mixture  of  anisic  acid  and  hydride  of  anisyl.  A 
quantity  of  oxalic  acid  is  always  formed  during  its  preparation, 
which  may  be  explained  by  the  following  equation  : — 

R  of  AniM.  Hydride  of  AniHjI.  Oxalio  Acid. 


C<|oH„0,   +    laO    =     CifiHyO^H    -h    2IIO,  C.O,    -h    a  HO. 

If  the  oil  thus  obtained  be  washed  with  a  weak  solution  of  potash, 
in  order  to  remove  anisic  acid,  and  be  then  cautiously  distilled,  the 
hydride  passes  over  in  the  form  of  an  amber- coloured  liquid,  which 
has  an  aromatic  odour  resembling  that  of  new  hay.  Hydride  of 
anisyl  is  homologous  with  oil  of  spinea.  It  boils  at  about  490° ;  it 
is  freely  soluble  in  alcohol  and  in  ether,  but  insoluble  in  water.  Sul- 
phuric acid  dissolves  it  and  forms  a  dark  red  liquid,  from  which  on 
dilution  with  water  the  oil  is  separated  unaltered.  Hydride  of 
anisyl  forms  crystalline  compounds  with  the  bisulphites  of  the 
alkalies. 

Ammonia  converts  the  hydride  of  anisyl  into  anishydramide, 
3  (CiflHgOO  +  2  II3N  =  (C^sHa^NgOe)  +  6  HO.  If  anishydramide 
be  maintained  for  two  hours  at  a  temperature  of  330**  or  340°,  it 
fuses  and  becomes  converted  into  an  isomeric  base,  termed  anisine, 
Thia  body  is  soluble  in  alcohol,  but  scarcely  soluble  in  water  or  in 
ether*    Its  alcoholic  solution  has  a  strong  alkaline  reaction  and. a 
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Mm  of  BDinc  acid.  This 
m  eoUv^ier,  bat  ia  frcdradiible  in  boiling 
aad  iHhii ,  U  rndfea  «l  347^  and  may  be 
a  vhila  aeedks;  boding  oou- 
il  iHio  aH^TManc  acid  (IIO, 
CmB*KOW  <U*  Tlie  aniaaiis  wn  ■oawitiif ;  lbo»  of  the  alka- 
fiea  and  «rf'  dK  eartiis  are  aotnble  and  orstaUiiahle :  but  those  of 
lead,  »bcr,aiad  ipctciui  azr  insolafale in  ooU  water. 

CkbH4f  ifArnhfl  (C,,H-0^  Q),  ^^gr.  r26i,  is  a  oolourledd 
oil  of  a  fifiiftratiBg  powerful  odour ;  h  is  procnred  bj  distilling 
aaisie  acid  witb  pexdiloride  of  pjms^wfus,    Il  boils  at  504^ 

(1140)  .^aaiolr  (C|4H«0|);  £^  gr,  0-991.— If  anisic  acid  be 
dirtilled  with  an  excess  of  caustic  baryta,  it  jields  a  oooipound 


Aniwie  hail  the  compoaition  of  phenate  of  methyl  (C^H^O,  Ci^HjO)* 
Calioum  hfts  obtained  it  syntheticallj  by  decomposing  iodide  of 
methyl  with  plictiate  ofpoUtsh  (1324):— 

C,HJ  +  ±0,  C^Bfi  =  El  +  CjH,O.C«H.6. 
Article  is  a  colourless  liquid  of  an  aromatic  odour ;  it  boils  at 
306"^,  and  is  soluble  in  water  as  well  as  in  alcohol  and  ether.  AVhea 
treated  with  fuming  nitric  acid,  substitution  compounds  are  ob- 
tained, which  may  contain  i,  2,  or  3  equivalents  of  peroxide  of 
nid^ogpu.  Niiranisoie  (C,  Jl-NO^  O,),  when  treated  nith  an  alco- 
holic solution  of  hydrosulphate  of  ammonia,  yields  a  base  termcil 
anisidine  (Cj<H»NOJ,  whikt  sulphur  is  deposited ;  and  if  duiUrani- 
s^ie  be  similarly  treated,  a  nitrous  base,  mtranmdim^  is  obtained : — 

nittitrsiiigole.                                                Xitraaiajdioe. 
I— ^ .  , ^ , 

C„H,(NOJ,0,  +  6HS  =  C,,H,(NOJ>0,  +   4  HO   +   d  8. 
Kitranisidine  crystallizes  in  long  brilliant  needles,  which  are  of  a 
fCtUiish   browQ  colour:  it   forms  well  defined,   crystallizable  salts 
tl^ilh  sulphnric,   nitric,    and   hydrochloric  acids.      If  tnnttranisole 
5''^lU(NOJ;>03)  be   treated    with   hydrosulphate   of  ammonia,  it 
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[Ticlds  a  tliinl  base^  diniirtmmdine  (Cx^IIyCNOJjNOi),  the  salts  of 
rhicb,  however,  are  very  unstable,  and  are  decomposed  by  contact 
with  water.  Nitranisiditie  when  treated  with  the  chlorides  of 
benzoyl^  of  ciiiiiamyl,  and  of  cumyl,  \ichU  new  comijounds,  in 
which  benzoyl,  cinnamyl,  and  ciimyl  are  snbstituted  for  by- 
en,  and  compounds  analogous  to  benzamide  are  produced  j 
example : — 


Chlofid*  of  B^nnojU 


BentonitrBoiMaiid*. 


ChH.NO,.  no,  +  C„H,0,.C1  =  C„H,.  C,^H,0,,  NO,.  NO,  +  HCL 

Sxperiments  of  this  nature  present  an  interest  in  connexion  with 

the  quesstion  of  the  artificiJil  formation  of  tlic  natural  organic  bases; 

Hthe   empirical   formula   of   benzonitninisamidc  (CggHi^K^iOpi),  pre- 

^«enting  considerable  reseinblance  to  that  of  some  of  tlic   natural 

alkaloids, 

^B  (C)  Essential  Oils  which  contain  Sulphur, 

^^^■(1241)  The  Allyl  Series. — The  basis  of  all  the  oils  of  the 
Hpnlphu retted  essences  which  have  been  accurately  examined  is  the 
VliydrocarboQ  termed  allyl  (C(,HJ»  Oil  of  garlic  is  a  mixture  of 
oxide  with  sulphide  of  allyl ;  and  the  oils  of  onions,  and  of 
assafoBtida,  and  many  of  the  aypliode/ete  and  cruciferm  yield  similar 
oils ;  the  essential  oik  of  mustard,  of  horse-radish,  and  of  scurvy 
grass  consist  chiefly  of  sulpho* cyanide  of  allyl. 

The  allyl  series  hm  recently  been  invested  with  new  interest 
by  the  labours  of  Bcrthelot  and  Dc  Luca,  who  have  succeeded  in 
preparing  the  iodide  of  allifl,  or  ioilized  propylene,  as  tbey  term  it, 
mhy  decomposing  glycerin  with  biniodide  of  pliosphorus  (1147);  a 
^discovery  which  in  the  hands  of  ttiese  chemists  {Comptes  Rendits, 
Feb.  4,  1856),  and  in  those  of  Hofmann  and  Cahours  {Proceedings 
Roy,  Soc,  Feb,  7,  1856)  has  led  to  the  formation  of  numerous 
derivatives  of  allyl^  and  has  demonstrated  the  intimate  connexion 
of  these  compounds  with  acrolein  and  the  products  of  its  oxida- 
tion. It  will  be  necessary  briefly  to  describe  some  of  the  compounds 
of  this  series.  Hofmann  and  Cahours  have  indicated  this  counexiou 
by  calliuf^  the  scries  the  acn^lic  scries  ;  but,  probaljlyj  most  clienji.sts 
will  prefer  to  ajiply  the  older  and  less  ambig^uous  term.  In  the 
description  which  follows  they  will  therefore  be  denondnated  by 
terms  indicative  of  tbcir  relation  to  allyl, 

k(i242)  Ally!  (Q^IIr,,  CtjIIft)  Sp.  f/r,  of  li(juid  0-684 ;  0/ vapour 
fQ2,^ — W[ien  iodide  of  allyl  is  treated  with   sodium   it  is  decom- 
losedj   iodide  of  sodium    is   formed,    and  ally!  is  liberated  in  the 
orm  of  a  very  volatile  liquid,  possessed  of  a  peculiar  penetrating 
odour^  resembling  that  of  radishes.     It   boils  at  138^,  emitting 
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a  vapour  wliidi  burns  viith  a  very  luminoiis  flame*  It  is  misciblc 
yklth  sulphuric  acid,  the  mixture  being  attemiecl  with  great  ele- 
vation of  temperature,  and  on  standiug  for  a  few  hours  it  gradually 
separates  in  a  inoditieil  condition* 

AUyl  is  iuj mediately  attacked  by  chlorine,  bromine,  and 
iodine,  with  which  it  forms  oompotmds  to  which  the  formula 
C.lisCli,  C.IIqBiv  and  CoHJj,  have  been  assigned.  It  i«,  how- 
ever,  probable  that  these  bodies  are  not  true  compounds  of  allyl 
with  two  equivalents  of  the  halogen,  but  substitution  products, 
perhajis  of  the  form  CsHtCl,  liCl,  analogous  to  Dutch  liquid.  This 
point  could  be  ascertained  by  examining  the  action  of  potash  upon 
them. 

(1:43)  AUyfw  Alcohol  (C^H^^O,  HO).— When  iodide  of  aUyl 
is  digested  with  oxalate  of  silver,  violent  action  takes  place,  double 
dceon  I  position  occurs^  in  consequence  of  which  oxalate  of  allyl^ 
and  iodide  of  silver  are  produced  : — 

Iodide  of  AJJyl.  Omku*  of  SiKtr.  OnOate  of  Allft 

fvOfi^)     +    '^AgO,  CA    ^    aAgI     +     a  C,H,a  C,0,. 

The  oxalate  of  allyl  or  allyl-oxalie  ether,  is  an  aromatic  liquid 
which  boils  at  404*^:  when  treated  with  ammonia  it  yields  oxamide^ 
and  allylic  alcohol : — 

Oxftkte  of  AUyL  Allflio  AloohoL  Oxamide* 

aC,H,0,  C,0,    +    iH^N    ^    2(C,H,0,  HO)    +    (H,N),CA- 
AUylie  alcohol  is   polymeric  with  acetone,  and  with  propylic 

aldehyd,  but  it  differs  from  them  in  properties.  It  mixes  with 
water  in  all  proportions  :  it  is  inflammable,  and  burns  with  a 
I  u  rn  i  nous  flam  e .  IV I  ten  t  rea  t  ed  w  i  th  pot  a^si  u  m ,  liy  d  roge  n  is  e  vol  ved, 
and  potasmum-aUyl-ukokQl  {Q^W^O,  KO)  is  obtaiiicd  in  the  form 
of  a  gelatinous  mass, 

Allylic  aleohol  when  mixed  with  sulphuric  acid  unites  with  it, 
and  forms  mlphalhjftc  acid  {liO,  QllgOjS.^Ofl)  which  corresponds 
w  ith  the  sulphet!iylie*      It  is  the  vinic  acid  of  the  scries. 

(1244)  Oxide  of  AUyl;  AUylk  ether  (C^jH^O,  CoH^}.— When 
the  compound  of  jiotassium  with  allylic  aleohol  is  mixed  with 
itnlide  of  allyl,  violent  action  occurs;  iodide  of  j>otassium  is  formed, 
and  allylic  ether  is  produced,  by  a  decomposition  analogous  to 
that  which  attendi^  the  formation  of  ordinaiy  ether  when  sodium- 
aUiohol  is  treated  with  iodide  of  ethyl,  {p.  150.) 
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Bertlielot  and  De  Luca  state  that  oxide  of  allyl  may  also  be 
formed  by  dUtilling  iodide  of  allyl  with  i^ed  oxide  of  mercury. 
It  is  lighter  than  watei%  has  aa  ethereal  odour  resembling  that 
of  radishes,  and  boils  between  iSj**  and  l90^ 

Oxide  of  allyl  appears  to  exist  ready  formed  in  small  quantity 
in  oil  of  garlic,  and  in  some  other  oils  which  resemble  it.  Wer- 
Iheim  al»o  states  that  it  may  be  obtained  by  cleeom posing  oil  of 
mustard  by  distillation  In  a  closed  tulje  with  hydrate  of  soda  and 
lime^  but  the  decomposition  of  the  snlphocyanide  of  allyl  thus 
effected  is  slow  and  im|>errect.  It  enters  into  direct  ci>mbi- 
matiou  with  nitrate  of  silver,  and  forms  a  compound  (CflHjO, 
AgO,  NO.I.)  which  may  be  obtained  by  mixin;^  rectilk^  essence 
of  garlic  with  an  excess  of  a  concentrated  alcoholic  solution  of 
nitrate  of  silver :  in  the  course  of  twenty-four  hours  a  black 
deposit  of  sulphide  of  silver  is  formed  ;  tlic  liquid  must  be  boiled, 
and  filtered]  on  cooling,  the  compound  of  oxide  of  allyl 
with  nitrate  of  silver  crystallizes  in  brilliant  colourless  radiated 
prisms^  which  are  freely  soluble  in  water,  but  sparingly  so  in 
cold  alcohol.  If  this  botly  be  dissolved  in  ammonia,  oxide  of 
allyl  is  set  at  liberty. 

A  double  allylic  ether  has  also  been  formed  by  decomposing 
iodide  of  allyl  by  an  alcoholic  solution  of  potash  ;  in  which  case 
aUyl-ethyUc  ether  (CoH^O,  CiIlsO),  a  liquid  which  boils  at  144°*5 
is  produced.  AHyl-amyiic  ether  (0(^1 1 r,0,  C^f^ll,JO)  may  l>c  obtained 
by  substituting  a  solution  of  potasli  in  fouscl  oil  for  t!ie  alcoholic 
solution  of  potash  used  in  the  previous  experiment.  It  boils 
at  248^. 

llofmana  and  Caliours  have  obtained  the  same  compounds  by 
decomposing  potassium-allyl-alcohol  by  iodide  of  ethyl,  and  by 
iodide  of  amyL 

(1245)  ^-hloride  of  Allyl  (CgHgCl)  is  readily  obtained  by  dis- 
tilling allylic  alcohol  with  chloride  of  phosphorus,  and  the 
bromide  (C'tjlI^Rr)  may  be  obtained  with  equal  facility  by  distilling 
tbe  alcohol  witli  bromide  of  phosphorus. 

(1246)  Iodide  of  Allyl;  Iodised  prnpyleiw  (0^11  J);  %• 
gr,  of  liquid  i"789. — ^This  interesting  compound  is  obtained  by 
the  action  of  equal  parts  of  biniodide  of  phosphorus  and  glycerin 
upon  each  other  (1147).  It  is  a  colourless  liquid,  insoluble 
in  water,  but  solidde  in  alcohol  and  in  ether ;  it  has  an 
etherealj  somewhat  alliaceous  odour  j  when  exposed  to  air  and 
light  it  rapidly  becomes  brown  ;  it  boils  at  214^,  and  may  be  dis- 
tilled unaltered.      Iodide  of  allyl  is  decomposed  by  digestion  with 
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,  <if  ttiaicmim^  and  on  diirillaltoo  wtth  potash  a 
of  a  fifhj  ammcMiiacal  odour  ia  Jboned^  probaUjr 

(1347)  S^pAUk  ^  .filly/  (C^H^S).— This  corapoaad  ia  con- 
ia  vanooa  rwifmriil  oUa^  particiilarij  in  thoee   of  garlie,  of 
of  let^  of  cren,  oT  ndkbea,  and  of  aaaafiBtida. 

r  ^  G^Hic* — ^Wlwm  Ae  cAof^s  of  garlie  are  di<(tilled  vilh 
wat^^  a  brown  hea^wj  fietid  oil  passes  o¥€r^  oocistitnti]!^  little  more 
tlMft  ora  per  emt.  of  tke  fisodi  rooc.  It  is  partiallj  deeooipovcd 
hj  rrdlitillatinn  faf  an  open  fire,  bot  if  rectified  from  a  bath  of 
sail  water  abool  tw<vthiids  of  the  oQ  may  be  obtained  in  the  form 
of  a  ydloariBk  lM|iiid  whic^  ia  filler  tlnn  water,  and  which,  when 
treaied  with  eUaride  of  eakinni,  and  anhBcqncDtlY  distilled  from 
fragments  of  potaarima^  fnmtahea  poie  sulphide  of  allyK  The 
Cfwdto  oil  appears  to  contain  portwoa  of  oxide  of  alljl,  and  of  a 
Ugher  sulphnietted  compound  of  alljl  which  becomes  decomposed 
during  the  distiUation. 

The  esaemce  af  an^ittida  oontaina  a  larger  proportion  of 
aidpbiur  than  that  of  garlic ;  it  spoataneooalj  erolrea  sulphuretted 
hydrogeoj  and  cannot  be  redistilled  without  nndeigotng  deoom^ 


Solphide  of  allyl  is  a  cokMtrless  oil  which  is  lighter  than 
water ;  it  has  a  high  refracting  powCT ;  its  odour  is  le^  repukiTe 
than  that  of  crude  oil  of  garlic  It  may  be  distilled  without  nnder^ 
going  decomposition ;  coDcentrated  nitric  acid  converts  it  into 
formic  and  oxalic  acids,  whilst  the  sulphur  is  oxidized.  Cold  sul* 
phuric  acid  disaolves  it  with  a  purple  tint,  but  the  oil  is  separated 
unaltered  on  dilution.  It  is  rapidly  dissolved  by  hydrochloric  acid, 
and  the  mixture  acquires  a  deep  blue  colour  which  disappears 
on  the  addition  of  water.  Solutions  of  the  alkalies  do  not  de- 
compose the  sulphide  of  allyL 

Sulphide  of  aliyl  causes  a  precipitate  in  many  metallic  solutions^ 
such  as  those  of  silver,  mercury,  gold,  platinum,  and  palladium, 
but  it  does  not  precipitate  the  salts  of  lead  or  of  copper*  The 
nitrate  of  silver  graduaUy  decomposes  it,  sulphide  of  silver  being 
formedj  and  the  compound  of  oxide  of  allyl  and  nitrate  of  silver 
(1244)  is  produced.  A  peculiar  sulphuretted  compound  of  allyl 
with  chloride  of  mercury  is  obtaioed  by  mixing  alcoholic  solu- 
tions of  the  sulphide  of  allyl  and  of  corrosive  sublimate ;  an 
abundant  white  precipitate  is  formed  (C(tII^:iS,  a  HgS  +  CjiII^Cl, 
2  HgCl)*     When  this  compound  is  distilled  with  sulphocyanide  of 
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pofJBSiuia  it  1*  decomposed,  and  oil  of  mustard  mixed  with  snlplnde 
of  allyl  is  amongst  the  products  : — 

Sttttiburj.  PotMM. 

^C,H»8,3HgS  +  C,H.C1.  »HsCl)  +  ^(Krc^NSr)  =  3  KO  +  jHg8  + 

8aI{>bocj.  Men}.        E4««ix;«  of  G&rtic,     K*««no^  of  Mu«t«rd. 

"in  this  reaction  the  double  chloride  of  nicrcnry  and  allyl  is  alono 
act€d  upon  by  the  Hulphocyanidc,  cldoridc  of  pc^tassium  and  sti1j)ho- 
Cyauide  of  mercury  being  formed,  Mhilst  the  snlpliide  of  aUyl 
passes  over  mialtcred,  aceompanied  by  the  oil  of  mustard,  leaving 
sulphide  of  mercury  in  the  retort. 

(1248)  Esseiice  of  Mmtard ;  Sulphocyanide  of  AUyl  [C^^^ 
C^NS^)  r  Sp.  gr.  of  iitiuid  roio;  of  vapour  3 '54* — Tliis  compound 
constitutes  the  principal  portion  of  the  essential  oil  of  mustard,  from 
which  it  may  be  obtained  in  a  state  of  purity  by  simple  redistilla- 
tion ;  this  operation  frees  the  essence  from  a  brown  resinous 
matter  with  which  it  is  usually  contaminated.  Tlie  pungency  of 
the  horseradish,  of  the  scurvy  grass,  and  of  one  or  two  other  allied 
plants  is  also  due  to  the  sulphoeyanidc  of  allyh  Berth  clot  and 
De  Luca  made  the  interej^ting  observation  that  when  iodide  of  allyl 
is  distilled  with  sulphoeyanide  of  potassium,  an  oil  is  formed 
identical  with  essence  of  mustard — an  oliscrvation  which  afforded 
the  first  indication  of  the  intimate  relation  subsisting  between 
the  allylic  scries  and  that  of  glycerin  : — 

Iodide  of  Allyh       SciJpliocj.  PotMi.  £t<s<»nce  of  Bf  oiUM. 

C^    +    kTc^NS^    =    C^C^,    +    KL 

The  »eeds  both  of  the  black  and  of  the  white  mustard  yield 
by  expression  a  large  quantity  of  a  bland  fixed  oil,  but  they  do 
not  contain  any  essential  oil  ready  formed  ;  wliitc  mustard  docs 
not   yield  the  sulphoeyanide  of  ailyh*     The  blaek  nmstard^  how- 


•  According  to  Baho  and  Hiit^chhrann,  white  muatard  contains  the 
hydro-sulphoryanatf  of  a  pcruliiir  alkali,  termed  mnapine,  C^^H^^O^tt.  Thia 
base,  when  acted  upon  by  p(»tash  or  soda,  is  d©t?ompOfled  into  Minupic  acid, 
and  a  new  alkali,  Icnucd  stnkaline,  in  the  manner  reprt'senttid  in  the  follow  ing 
equation,  adopting  the  altered  formula  C^H^aNOj,,  proposed  by  Gerbardt : — 
CniAprine.  Siii»pikt6uf  PoUah,  8iokiiiD«. 

c^H^NOjo  -h  2(Ko,no)  =  2K0,  Cj,n,,o«  +  Cj.h^no^  +  2  ho. 

An  aqueouB  Bolution  of  winayiino  has  an  intense  yellow  colour.  Sinapine 
cannot  be  isolated  in  a  pure  condition  owing  to  the  facility  with  which  it  is 
dccom  posed:  it  forms  eiysta  Hi  usable  salts.  The  bydm-*»ulphoeyanato  ia  ex- 
traeled  from  while  must aVd,  after  treating  tlie  dried  flour  (tucri'»«ivt?ly  Willi 
ether  and  absolute  aleoliol  to  remoTe  the  fixed  oil  and  eolouriuj^  matter,  and 
then  boiling  the  residue  in  aleobol  of  «p.  i^r.  0*^25.  At\er  the  flolutiou  has}  been 
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e?«!r»  oontftuis  the  potash  sail  of  a  compomid  IcmiGd  mgftmk 
and^  jrhtch  is  ausGeptible  of  a  decompositioD  analogous  to  ihat 
r  red   liy  atuygdalin*      lliis  decomfjositiou  is  not  effected 

\  i  crushed  seed  is  moistimed  with  water^  a  pecidiar  azotisod 

ferment  ecmtaiued  in  the  soedj  and  analogous  to  tlie  synaptasc  of 
the  almood,  is  thus  brought  into  artion,  and  the  essential  oil  is 
developed.     The  composition  of  myronic  acid  is  not  known. 

The  essence  of  mustard  is  a  colourless  oil  of  a  bunung 
I       '     >  penetrating  odour^  which  protluces  a  copious  flow  of 
1  ^^senoe  be  applied  to   the  surface  of  the   body,  it  speedily 

raises  a  blister  upon  the  part.  Essence  of  mustard  is  soluble  in 
all  profKirtions  in  alcohol,  and  in  ether,  but  vcr^^  sparingly  so  in 
water :  if  exposed  to  tlie  air  it  absorbs  oxygen  and  becomes  brown. 
The  purified  essence  boils  at  agS^;  when  hot  it  dissolves  both 
sulphur  and  phosphorus  in  considerable  quantities,  but,  as  the  solu 
lions  cool,  these  bodies  are  again  deposited  in  crystals.  Oil  ol 
mustard  can  be  converted  into  essence  of  garlic  by  heating  it  fon 
aome  hours  in  a  sealed  tube,  with  sulphide  of  potassium^  at  a 
^  temperature  of  150^  : — 

IwwBi  vi  Mmftwd-                                     KiBiPi  of  0«i^.             Sulphor^ .  ¥0lMiu 
, * ^  ^ — '^ .  ^^ — ->• », 
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(1249)  ^^  ^^  mustard  oombiues  at   ouce  with  ammonia,  and 

)ination  \rith  acids  j 
it  has  been   termed 


formi»  a  compound  which  enters  into  direct  combination  \nth  acids  fl 


like  a  true  oipuiie  base;  from  its  origin 

Oa  of  Mttatefd.  TMothifi«inT»g, 


SalpkorpttAd  Alfylnn^ 


or     n,(C.H,)N^  C,S,. 
Tliiosiunamine  is  the   urea   of  the  allyl  scries,  but  it  contains  2 
equivalents  of  sidphiur  instead  of  2  equivalents  of  oxygen.    Sulpho- 
cyanide   of  allyl   alsio   unites   with   other  bases,  such  as  ethylia, 
aniline,  and  naphthalidine,  and  forms  analogous  compounds. 


•ntllcieDtlr  concentrated  hy  eraporatiom  the  salt  is  deposited  in  cry^talg  as 
tka  hquid  cools.  If  the  solution  of  this  salt  be  mLved  ^ith  an  alkali*  it 
sssiunes  an  intense  yellow  colour,  and  on  boiling  the  solution,  and  Bubse- 

?ucntlT  adding  hydrochloric  acid  in  slight  excess,  sinapic  acid  is  depo.«it<id. 
f  baryta  iwater  bie  usad  to  decompose  the  salt  of  sinapine,  the  sinapie  aoid  is 
predplialcil  as  an  insoluble  sinapate  of  baryta,  and  ainksline  may  be  obtained 
horn   the   Evolution.      Sinapic  acid   cryslallizes  in   prisms;   it* is   tpariii^ly 
|aolttble  In  cold  water,  very  soluble  in  boiling  alcohol  and  insoluble  in  ftJicr; 
ril  luses  at  a  temperaturt*  above  ^06^ :  nitnc  acid  dissolves  it,  and  produce* 
m  intense  red  colour. 

Sinkaline  may  be  obtained  in  deliquescent  crystal ■«.  nliu-h  absorb  car- 
bonic acid  from  Hie  air;  it  is  a  powerful  base,  but  re!  rgoea  d««oiii- 
position.  With  biehtonde  of  plat iuum  it  fonns  a  n  /  doublt  sait^ 
sbich  crvstallixes  in  onm|;e*coloared  aix-sided  prianu  (C.«H|^0*,  HCL 
^Cl,+'lAq),  "^     ^ 
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If  thiosiunaniino  be  triturated  with  red  oxide  of  incrc»iry, 
vaier  and  sulphide  of  merctiry  are  formed,  and  a  new  basic  sub- 
stance free  from  sulphur,  termed  ^innamine^  \&  obtaiiie<l : — 

T!iio*iisnaiiiiia0«  Btimuiiiup. 

C^,N^    +     aHffO    =    aHgS     +    2  HO    -f     C^^^, 
Oiiile  of  lead  produce*  a  similar  decomposition. 

Sinnamine  bas  been  re|^arded  a«  a  comj>ound  ammonia,  in 
which  one  equivalent  of  hydrogen  has  been  displaced  by  allyl,  and 
a  second  equivalent  by  cyanogen,  thus : — 

II   \ 
C^H^jN,  =   CflH^     N ;  or  ctfamdif^lia, 
C,N  J 
Sinnsunine  is  soluble  in  water,  and  may  be  obtained  in  prismatic 
crystals*      It  is  a  powerful    base,  and  cxjjcls  ammonia  from   its 
salts.      It  occasions   precipitates    in    solutions   of  lead,    of  iron, 
and  of  copper.     The  oxalate  of  sinnamine  is  the  only  salt  which 
crystallizes  readily  ;  solutions  of  sinnamine  whieli  contain  an  excess 
of  acid  impart  a  yellow  colour  to  a  slip  of  deah 

(1250)  Shtaimiine  (C^^liy,l^.^iX^), — This  base  is  usually  formed 
by  digesting  cssenec  of  mustard  u[>on  hydrated  oxide  of  lead  : — 
I  atC^H^NSj)  -h  6(PbO,  HO)  ^  C^^H^jNA  +  4PbS  +  3(PbO,  CO^)  -h  4HO ; 
but  it  may  also  be  produced  by  the  action  of  water  upon  allyl- 
cyanic  ether,  whieh  will  be  immediately  described.  Sinupoliue 
is  a  feeble  base  which  crystallizes  in  brilliant  greasy  flakes  from 
its  solution  in  Mater:  it  fuses  below  212''.  Its  aqueous  solution 
occaiiions  a  precipitate  in  solutions  of  corrosive  sublimate  and  of 
bichloride  of  platinum, 

(1250  hh)  H  of  maun  and  Cahoura  have  also  obtained  a  variety 
of  compound  allylic  ethers.  The  most  interesting  of  these  appear 
to  be  the  oxalate  and  the  cyanate.  The  aUyl-cyamc  ether  or  cyanate 
ofalhjl  (C.JisO,  CgNO),  is  prepared  by  acting  u|Km  cyaTiate  of  silver 
with  iodide  of  allyl  ;  the  licat  generated  by  the  reaetiou  is  sufficient 
to  cause  the  distillation  of  the  ether,  whilst  iodide  of  silver  remains 
in  the  retort.  A  colourless  liquid  is  thus  obtained  whieh  boils 
at  1 90''  J  its  vapour  possesses  an  intensely  penetrating  odour,  and 
produces  a  copious  flow  of  tears.  When  this  ether  is  gently 
warmed  with  a  solution  of  ammonia  it  is  dissolved,  and  the  solu- 
tion on  evaporation  deposits  maguiticeut  crystals  of  allylic  urea  : — 

C«HA  CaNO     +     H3N     ^     H3(C„n,)N„  CA. 
sponding  crystalline  compoutid  may  be  obtained  if  aniline 
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be  mibstituied  for  ammotiia.     "^'^^  c  ether  i^ 

wtlh  water,  cirbonip  add   is  ch  i.e  ether  is 

eoorerted  mto  nnapoline  (Cj4HiaN,0,),  which  by  its  production  in 
lUs  wffPfT  is  aboim  to  be  diallt^l-urea : — 


aCC. 


(1251)  AUtflia. — Coacentrated  solution  of  potash   dea>ini>a»e« 
cllyl-cranic  rther ;  stnapolijie  is  formed^  and  if  the  liquid  be  dii 
tilled^  alhflia^  a  basic  subatance  which  boiU  between  356°  and  57^ 
fjaiwci   o?er^    mixed   with   methylia  and  tritylia.     Allylia  is 
Tobtile  alkali  of  the  allylic  series^  which  corresponda  to  ethyU 
in  the  elhylic  aeries: — 

The  following  table  gives  a  synoptic  view  of  the  priudj 
oompounds  in  the  allylic  aeries ; 

AlWl  ....    CJi^  C.H. 
AllV      '    !ial.    C.HAUO 

ALv....,u.    j    CHAC.H.O 

Sulphiaoofallyl  C^H.S,  C^H^S 

ChloHaeofdo.  e.H^ci 

Broin  iile  o  f  do»  C,  H  j  Br 

lodid*?  of  do.  C,H,I 

SulphAlijiicaeia    HO,  C.H^O.  S,0, 
AllyloxalicetheraC^HsO,  Cfl^ 

ether  I    C^H.<^.  H^' C,0^ 

Ally]-e«rboaic  J  ^r-  rr  n  n  f\ 

Al]yl'iii*tJtio 
ether 


C,H,0,  C,H,0, 


^/thir'^*"}   C'.HAC.HA 

AUjlia  ,    ,    .    C,H,,  H  J^ 
AUyl-urea  .     .    HjlC.H,)^.,  COj! 
SulphallyK    S 

mine)  j 

Acrolein  ) 
(ecnlic  al*     >    C.H.O,,  H 

dehyd)  J 
AcryUc  acid    .    HO,  C^H,Og* 


§  II.  Resins. 

{i2^a)  These  Bubstances  are  produced  by  certain  iamiliZ 
phuitit  iu  coiiNitlcnible  ahuiidancei  aud  they  are  also  very  numerou 
Tljcy  have  a  consitlerable  commercial  value,   and  are  extcnsire 
employed  in   the   |»n'paratioTi   of  the   different    kinds   of  vamis 
They  are  ^'curralty  obtained  by  making  incisions  into  the  wood  1 
trecH  wViAi  pruduce  them,  when  they  exude  in  the  form  of  a  vis 
lii|ni(t»  oon»i»tin^  of  the  resin  in  solution  in  the  esscntisd   oil 
the    plant,      la   \\\v   majority  of  casea   they  are  formed   by 
o\tdation  of  the  cj«>*cntial  oils  contained  in  the  trees;  heuoe  it 
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'not  enrprising  tliat  in  many  in^tancefl  they  have   the  composition 
OJiidi^  of  the  hytlrocarboii  Cioll^^  or  of  a  hydrocarbon  derived 
'from  this,  hanng  lost  a  certain  uuralxjr  of  equivalents  of  liydrogen 
in  exchange  for  an  equal  number  of  cf|uivalent*i  of  oxygen* 

As  a  class^  the  resins  are  insoluble  in  water,  but  they  are 
soluble  in  alcohol,  especially  when  heated  with  it ;  many  of  them 
L  may  be  obtained  from  this  solntion  in  cr}^*italsj  by  evaporation. 
^mA.  con«tiderable  uuraber  of  them  possess  acid  characters,  in  which 
^Bcase  their  alcoholic  solutions  refldcn  litnius.  The  acid  resins  com- 
Vbine  with  the  atkalie9>  and  remain  soluble  in  alkHliue  leys;  these 
Golutions,  when  agitated,  produce  a  lather  like  that  furnished  by 
Boap,  but  they  are  not  precipitated  like  ordintuy  soap  on  the  addi- 
Liion  of  chloride  of  sodium.  Like  the  essential  oils,  the  natural 
ins  are  usually  mixtures  of  two  or  more  re^sins,  which  often 
'  admit  of  separation  by  their  ujiequal  solubility  in  difierent  menstrua* 
\  The  resins  are  trausparcnt  or  translucent  brittle  solids;  they  are 

Hinsulaiors  of  electricity,  and  become  negatively  electric  by  friction ; 
"  they  fu^e  at  a  moderate  temperature,  are  wry  inflammable,  and 
bum  with  a  white  smoky  fhime.  If  heatjcd  in  close  vessels  they 
timdergo  decomposition,  and  yield  various  forms  of  hydrocarbon. 

Common  rosm  is  tlius  found  to  furiiisli  the  following  products 
[among  others  which  have  been  les^ft  perfectly  investigated  :- — 


Hjdruoftrbonj. 

C„H„ 

Ikiilin^jvomt. 

Bp«dAe 

T«pour« 

Terebene 

Colophene 

Hosinein 

Retinai>hlha  or  Toluole. 

Eotinyie  or  Camole 

liL'tinole               ,          ,  I 

Naplitlialin 

Metiindphthalin   . 

320^ 

599^ 

236^ 

460° 
418- 
6170 

o"86 
o'94 

0*86 
o'ft; 
oc^o 

4-81 

3*3 

4-24 

7-1' 
4'5'8 

(1253)    Common   Rosin  or  Colophony. — When   ordinary  tur- 

pentine     is    distilled  with    water,    it   leaves   a   residue  of    rosin 

^amounting  to  from  75  to  90  per  cent,  of  tiie  turpentine  employed. 
■There  are  two  principal  kinds  of  rosin  in  tlie  market,  a  brown  and 

a  white  resin.     The  brown  variety  is  funii.shed  bv  the  Pinm  abics ; 

it  is  an  ambcr*coloarcd  brittle  solid,  which  consists  of  two  distinct 

tbut  isomeric  resinous  acids,  the  atjlvic  and  pinic  (HO,  C^^ilLuOjj  j 
Laurent).    Cold  alcohol  (sp.  gr.  o'H;)  dissolves  the  pinic  acid,  which 
forms  the  larger  proportion  of  the  re^^in,  and  leaves  it  on  evaiK)ra- 
,tion  as  an   amorphous   mass*      It  may  be  purified  from  adliering 
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traces  of  a  neutral  resin  by  precipitating  its  solution  in  cold  alcohol 
by  the  addition  of  an  alcoholic  solution  of  acetate  of  copjicr.  The 
pinate  of  copper  thus  precipitated  may  then  be  decomposed  by 
any  acid.  When  pinic  acid  ia  heated  to  partial  decomposition,  the 
residue  in  the  retort  is  found  to  consist  of  another  isomeric  resinous 
acid,  the  cohpholic ;  it  neutralizes  bases  more  perfectly  than  pinic 
acid,  and  is  much  less  soluble  in  alcohol  (Unverdorben), 

The  other  constituent  of  rosin^  st/fric  acid,  may  be  obtained 
from  its  solution  in  hot  alcoliol,  in  colomlcss  rhombic  prisms  or 
plates,  fusible  at  260°.  Its  ethereal  solution  expels  carbonic  acid 
from  the  alkaline  carbonates.  It  forms  with  oxide  of  lead  a  salt 
i?hich  crystallizes  in  slender  foiu'-sided  needle*. 

White  resin  or  f^nttpot  is  obtained  from  Bordeaux  turpentine, 
furnished  by  the  Pinm  maritima,  and  consists  almost  entirely  of  an 
acid  resin,   the  pimaric^  which  is   isomeric   with   the  precedin^.^B 
This  acid  may  be  extracted  by  removing  from  the  powdered  resin^B 
the  substances  which  are  soluble  xu  a  mixtiu^  of  six  parts  of  cold 
alcohol  and  one  of  ether  :    the  residue,   if  treated  with   boiling 
alcohol,  deposits  piraaric  acid  as  it  cools.     When  the  alcoholic  sola 
tion  of  pimaric  acid  is  evaporated,  the  acid  is  de|>osited  in  mass 
indistinctly  crystallized.    If  tlii^  acid  be  melted  and  allowed  to  coolj 
it  yields  a  colourless  glass  as  clear  as  crystal :  this  melted  resi 
when  powdered  is  dissolved  by  an  equal  weight  of  alcohol,  but  thi 
solution  t!ms  obtained,  if  left  for  a  few  minutes,  suddenly  begin 
to  deposit  elliptical  crystals,  W'hich  require   for  solution  ten  times 
their  weight  of  alcohol,  and  possess  all  the  properties  of  pimaric 
acid  before  fuiiion.      Pimaric   acid   is  freely  soluble   in  ether.      If 
it  be  distilled  in  vessels  from  which  air  is  excluded,   the  distillate^^ 
is  found  to  consist  principally  of  another  isomeric  resiDi  tertDed^f 
pyi'omarlc  arid,  distinguished  by  forming  with    lead  a  salt  which^^ 
cnstalHze^  in   delicate  needles.       Pyromaric   acid,   accordiug   to 
Gerhardtj  is  identical  with  sylvic  acid. 

Ordinary   rosin   is   difisolved    completely  by  alkaline  leys  ; 
enters  largely  into  the  formation  of  yeUow  soap. 

If  nitric  acid  Ijc  boiled  upon  ordinary  rosin  the  compound  is 
oxidized  aud  dissolved,  and  on  evaporating  the  solution  to  the  con- 
sistence of  a  syrtip,  it  deposits  when  left  to  itself  for  some  week 
small  four-sided  prismn  with  an  oblirjue  terminal  face.      This  sul 
stance   is   named  ferebic   add  (110,   Ci^ll^Oy),      It    is  sparingly! 
soluble  in  cold  water,  but  much  more  soluble  in  boiling  water, 
well  as  in  alcohol  and  ether ;  it  requires  a  high  temperature  for  it 
fusion,  and  is  decomposed  at  about  400°. 

(i7r4\   VamUhes, — The  rcsiiLS  most  extensively  employed 


VARXiaHE8 OtTAIACUH, 

the  preparation  of  the?  cliffcrent  kinds  of  vaniish  are  those  of 
copal  (from  the  Hynu*ruea  ven^ucosa  .?),  masiich  (from  the  Plsta- 
chia  lentisaiJi)^  sandaraeh  (from  the  Juniperus  communh),  lac, 
aud  occasionally  those  of  elemi  and  anime,  CVipul  is  a  hard,  nearly 
colourless,  transparent  rt^sin,  which  is  tlis'nolved  witli  diffietdty  in 
the  state  in  whicli  it  is  imported  ;  but  if  jjovi^dered  and  cxjmsed  to 
the  air  for  9(>me  weeks,  or  if  fused  so  as  to  enable  it  to  absorb 
oxygen,  it  is  mom  readily  attacked  (>y  solvents. 

The  solvents  employed  in  preparing  varnishes  are  oil  of  tur- 
pentine, wood  naphtha,  and  spirit  of  wine ;  the  resin  before  being 
added  to  the  solvent  must  be  pulverized,  and  afterwards  mixed 
with  broken  glass  in  order  to  prevent  the  powder  from  aj2:glntinat- 
ing  into  lumps.  When  tlic  varnish  is  spread  over  the  surface  of  any 
object  whieh  it  is  intended  to  protect,  the  solvent  evaporates  and 
leaves  a  thin  transparent  coating  of  resiTi.  The  spirituous  var- 
nishes dry  the  most  rapidly,  but  they  arc  apt  to  eraek  and  scale 
off.  This  detect  is  partially  remedied  in  the  turpentine  varnishes, 
which  dry  more  slowly ;  aud  it  is  still  more  effcetually  obviated  in 
what  are  termed  oil  varnishes,  in  which  a  small  quantity  of  some 
drying  oil,  such  as  that  of  linseed  or  of  |)Oj>py,  is  added  to  the  solu- 
tion in  rectified  ttirpentiue :  these  varnishes  require  a  considerable 
time   for  complete  hardening,    but  they   are  very  durable.     The 

mon  varnish  used  for  oil  paintings  and  maps  consists  of  24 
parts  of  mastic,  3  of  Venice  turpentine,  aud  i  of  camphor  j  these 
are  mixed  with  jo  parts  of  pounded  glass,  aud  dissolved  in  72  of 
rectified  oil  of  turpentine. 

(1255)  GuAiACtTM  resin  is  the  exudation  of  the  Guaiamm 
offidnak.  It  is  of  a  dark  greenish-brown  colour,  ami  is  readily 
pulverized.  It  has  a  taste  which  is  at  first  slight,  but  afterwards 
becomes  acrid  and  hot  ;  its  odour  is  feeble,  but  resembles  that  of 
benzoin.  Alcohol  dissolves  the  greater  part  of  this  resin  ;  ether  does 
not  dissolve  it  so  completely,  and  it  is  insoluble  in  the  fixed  oils. 
it  is  also  freely  soluble  in  a  solution  of  potash  and  in  oil  of 
vitriol.  Tiie  alcoholic  tincture  vields  a  blue  precipitate  when  acted 
on  by  chlorine:  with  sulphuric  acid  it  gives  a  green  preciintate. 
White  paper  when  stained  with  tincture  of  guaiaeum  acTpiires  a 
pale  yellow  tint;  and  if  this  be  exposed  to  the  more  refrim-ible 
'  i»  xi         1  4  *i.  1  A'  „  fini-  blue  or  grcenislu 

ravs  01  the  solar  spectrum,   it  becomes  ot  a  nut.  "^  » 

blue  colour.     The  pale  yellow   tint   is   restored  ^vheu  the  altered 
,  .      »     ^  i*        -11  A*  ^«  nf  the  Bpet'trum,  or 

paner  is  exposed  ni  tlie  less  reuwigible  portion  oa  i  j 

I  .1    i      ..'  rj*     %       rri;.  t./>«tonitiou  ot  the  colour 

when  a  gcnile  licat  is  aiipbcd  to  it.      Tbts  resioo* 
7         1  *      I  ■        r  ..r,ii-rcd  guuiacum  wheu 

depends  upon  the  absorption  of  oxygen:  powat^^    © 
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moi  to  tbc  air  timaAm  oiygeii  ftnd  becomes  green.  Funiiiig 
EX  aey  dinolfiss  the  rcskn  and  acqaircs  a  green  colour ;  if  a 
BUii  quantitv  of  wmter  be  ad^rd,  a  gfX5en  predpitate  is  formed,  aud 
aohilaoii  booocnisa  blue,  but  the  addition  of  a  larger  quantity  of 
mt&iAen  tlie  preci|iitate  blue  and  the  solution  brown. 
RcaKin  of  guaiacum  appears  to  consist  of  two  distinct  resinous 
hy  one  of  wbichy  gmaiacic  acid  (!I0,  C13H7O5;  Deville],  may 
te  Dbtatncd  fruon  iU  alcoholic  solution,  crystallized  in  beautiful 
needles,  which  are  freely  soluble  in  water. 

GttaimHi  mni  miAtB  at  a  moderate  beat,  and  begins  to  undei^ 
deoofnpcMJtMMi  at  ahiMst  6ck»^.  Amongst  the  products  of  tt^  de- 
Mructive  db|illaiiouDe?iUe  enumerates  three  definite  compounds: — 
I. — A  light  TolatUe  oil,  guaiacene  (CjoHgOa)  of  sp.  gr.  0-8741 
it  boils  at  244°,  giving  oft*  a  vapour  of  sp.  gr.  2*92,  and 
absorbs  oxygen  from  the  air,  forming  a  beautiful  cry^talUue 
WMBpoiind.  2» — A  volatile  com|)ound  which  crystallizea  in  pearly 
«ilBk  And|  3, — An  oil  heavier  than  water,  termed  hydride  of 
(Cj^HgOJ ;  this  liquid  boils  at  about  410°,  emitting  a 
owr  of  sp.  gr.  4*49,  It  is  soluble  in  alcohol,  ether,  and  acetic 
L  hut  not  in  water, 

(1156)  Lac. — One  of  the  most  valuable  of  the  resins  is  lac, 
irh  occurs  in  commerce  under  three  distinct  forms;  riz.,  as 
^HUt'Jmc,  seed'iac,  and  gheU4ac,  This  resin  exudes  from  the  branches 
ul^Wvnd  trees  in  tropical  climates,  and  in  particular  from  the 
lim^  mdiea,  Flcus  relitfiosa,  and  Rhamnus  jujub^i,  in  consequence  o] 
'  lllc  punctures  of  the  female  of  a  small  insect  of  the  cochineal 
liilb%  Ihe  coccus  fais ;  the  resinous  juice  which  exudes  hardens 
^i/mi^  yi»  iii»ei^ts.  The  young  shoots  when  cut  off,  covered  with 
^jii^  ^miu^  and  enclosing  the  cocci,  constitute  stick-lac.  The  crude 
Wk  then  bruised,  and  the  fragments  of  the  branches  are 
-<.*««.'WM  .  AlW  %vhicli  the  resinous  mass  is  digested  in  a  weak 
i^^MiKH*   vrf  carUmatc  of  soda,  by  wliich  means  a  ixi-d  colouring 

iminiaKftl  in  the  insects  is  extracted.     This  material  is  no' 

^•.  ^**  >imA  a*  a  ilye,  and  has  largely  displaced   the   more 

•  i^-  H:hiiMNiJ.    The  residue   which   is  insoluble  in  the  alka- 

"iMm  lh»  iH>mniercinl  seed-lac.     When  this  is  melted, 

%^.  —^  a  |vxi\|[  cotton   bag,   and   the  viscous  resin  while 

^^  i*^  lUt  sheets,  between  leaves  or  stones,  it  forms 

>qi  which  is  sold  under  the  name  of  shell-iac* 

^jf^  '  v^MAiftt  of  a  mixture  of  four  or  five  distinci 

f^i^  -llwh  ii  acid  and  may  be  obtained  in  crystals, 

dbfben,  it  also  contains  both  oleic  and 
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Lac  is  exten>*ivcly  used  as  a  stifft^^uing  for  liats,  aiid  it  forms 
the  principal  cousiituent  of  the  better  kinds  of  sealing-wax.      Red 

8ealijig-wax  owes  it.>  brilliant  colour  to  vermilion ;  48  parts  of 
ftbell-laCy  12  of  Venetian  turpentine,  and  1  part  of  balsam  of  Peru, 
melted  at  a  gentle  beat,  and  iucorijorated  with  36  parts  of  vermi- 
lion, furnish  red  sealing-wax  of  the  best  qiiality  (LtMvig).  When  lac 
18  mixed  with  half  its  weight  of  sandaraeii,  and  a  small  quantity 
of  Venice  turpentine,  it  forma  with  10  or  12  parts  of  aleohol  a 
varninb,  technically  termed  lacquer,  which  u  mueh  emptoyed  for 
heightening  the  colour  of  bra:*s  and  bronzed  articles. 

(1257)  BALSAMs.~Thc  soft  viscous  resins  which  consist  of 
a  large  mixture  of  e^«isential  oil  witli  the  resin,  are  tcnucd 
balBams;  suchj  for  example,  as  balsam  of  copaiba,  and  balsam 
of  Canada*  Some  of  them  contain  in  addition  benzoic  or 
cinnaniic  acid,  such  a^  the  balsams  of  benzoiUj  tolu,  storax, 
and  Peru. 

Balaam  af  Copaiba  is  obtained  from  several  species  of  Copau 
/era.  It  consists  of  a  volatile  essentia!  oil  isomeric  with  oil  of 
turi>eutiue;  a  resinous  acid,  capivlc  add  Q>^\\.^^0^  isomeric  w^ith 
pinic  acid ;  and  a  viscous  neutral  resin,  Bahum  of  Canada  is  the 
nearly  colourle^  liquid  resin  of  the  Phim  bahmnea. 

(1258)  Gum  Rks[ns,  iue  the  milky  juici.'s  of  many  plants,  soli- 
dified by  exposure  to  air.  They  consist  chiefly  of  the  peculiar 
resins  and  essential  oil  of  the  plants,  mixed  with  a  large  proj  tort  ion 
of  gum;  consequently  they  produce  when  rubbed  up  with  water, 
a  milky-looking  liquid,  or  emulsion,  the  gum  becoming  dissolved, 
and  retaining  the  resin  and  (ul  in  suspension.  Dilute  alcohol  dis- 
solves the  gum  resins  in  great  measure,  as  do  also  weak  alkaline 
solutions.  The  guni  renins  form  a  numerous  and  important  class 
of  medicinal  remedies,  Amrnoniacurn,  assafoetida,  aloes,  cnphor- 
bium,  galhannra,  gamboge,  myrrh,  olil>anum,  and  scaramony,  all 
belong  to  this  class  of  bodies. 

(1259)  A\iUEH. — Some  fossil  substances  approach  more  closely 
to  the  resins  than  to  any  other  chiss  of  compounds;  of  tliese,  one  of 
the  most  important  is  amber.  It  is  a  light-yellow  transparent  sub- 
stance, with  a  density  generally  a  little  greater  than  tliat  of  water. 
Its  pruperty  of  becoming  eleetric  by  friction  is  fanriliarly  known. 
It  occurs  often  in  lx*ds  of  wood  coal,  but  is  ehieJly  found  alter 
storms,  on  the  coasts  of  the  Tlaltie,  iK^tween  Kunigsbcrgand  Memcl. 
Amber  consists  of  a  onxturc  of  seven*!  resinous  bodies,  whieli  nave 
not  been  accurately  examined  ;  about  one-eighth  of  its  weight  is 
soluble  in  alcohol,  and  about  one-tentli  of  it  is  soluble  in  ether. 
If  heated  in  close  vessck  it  melts,  gives  off  succinic  acid,  water. 


506 


CAOCTcaorc. 


ad  a  peculiar  empyrettmatic  oil,  which  con^mts  of  s  mistitre  of 
mml  bvdrocarix>D8  having  nearly  the  aame  cotDpoaitkiii  as  oil  of 
tiirpentiiie.  The  stiecinic  acid  appears  to  be  furnished  ftolelr  by 
^at  portion  of  the  resin  which  is  soluble  in  ethdr  (Schrotter).  A 
[lall  quantity  of  succinic  acid  exists  ready  formed  in  the  resin^ 
and  can  Ije  extracted  by  digesting  powdered  amber  in  an  alkaline 
sohition.  The  empyreumatic  oil  is  furnished  principally  by  the 
bituminous  portion^  which  is  insoluble  in  ether  and  in  alcohol. 
Amber,  when  treated  with  nitric  acid,  is  gradually  dissolved;  auc- 
ciriic  acid  crystallizes  from  the  solution  when  concentrated,  and 
ordinary  camphor  is  found  in  the  distillate. 

(1260)  Caoutchoitc  or  India n-rudl^er  (xC^H^?)  :  S/k  gr.  from 
0*92  to  0^96. — This  substance  occurs  in  small  quantities  in  the  juices 
of  many  plants,  particularly  of  the  Urtlcacta,  Enphorbiace43t,  and 
AimcynaceiB,  Its  available  supply,  however,  is  the  spontaneously 
soliditied  milky  juice  of  the  Hisv^a  elustka,  Jatropha  ela^tica,  and 
some  other  tropical  plants.  As  first  procured  by  incisions  into 
the  stem  of  the  plant,  it  appears  as  a  yellowish  milky  fluid  which, 
in  addition  to  caoutchouc,  contains  albumen ;  the  albumen  occa- 
sions the  juice  on  l^eing  boiled  to  coagidate.  WTieu  the  fresh 
juice  is  exposed  to  the  air  in  thin  films,  it  speedily  dries  and 
hardens  into  elastic  layers  of  brownish  yellow  caoutchouc.  The 
caoutchouc  is  not  dissolved  in  the  juice,  but  is  merely  suspended 
in  it,  and  ^\hen  the  liquid  is  diluted  with  water  it  rises  to  the  sur- 
face like  cream  ;  when  once  become  coherent  it  cannot  again  be 
diffused  through  water.  Commercial  caoutchouc,  from  the  mode 
of  its  preparation,  retains  the  albumen  and  other  constituents  of 
the  juice,  but  pure  caoutchouc  is  a  peculiar  form  of  hydrocarl>on 
(Faraday).  In  its  solid  condition  it  is  extremely  elastic,  espe- 
cially when  warm*  Although  in^:>luble  in  water,  it  softens  con- 
sidcra!»ly  in  this  liquid  at  the  boiling  teniperature,  and  is  thereby 
rendered  more  easily  acted  upon  by  its  peculiar  solvents.  Alka- 
line solutions  are  withotit  effect  upon  caoutchouc.  Even  chlorine 
attacks  it  very  slowly;  concentrated  nitric  and  sulphuric  acids 
decompose  it,  but  when  dilute  they  are  entirely  inert. 

The  proper  solvents  of  caoutchouc  are  washetl  etiier,  chloroform, 
bisulphide  of  carlion,  coal  naphtliaj  and  rectified  oil  of  turpentine. 
In  these  liquids  it  first  swells  up  very  considerablvj  and  eventually 
forms  uriqjy  liquid,  uliieli  on  evaporation  furnishes  the  caoutchouc 
witlj  ]t^  original  ehusticity.  This  propcity  is  turned  to  account  in 
the  nmnufactnrc  of  various  waterproof  or  "  JIacintosh"  articles. 
According  to  Pay  en,  cnoutchoijo  consists  of  two  portions,  one  of 
which  is  sulublc  in  the  liquids  above  meutioucdj  wliil&t  the  other  por 
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tion  merely  softens  and  swells  up,  but  does  not  undergo  true  solu- 
tion. Caoutchouc  i*  al^o  dissolved  by  the  fixed  oils,  but  its 
elasticity  is  thereby  desstroyed.  Waterproof  cloth  is  prepared 
by  varnishing  one  surface  of  a  fabric  constructed  for  tlic  purpose 
with  a  solution  of  caoutchouc,  and  bringing  it  in  contact  with  a 
second  sheet  similarly  ]jrcpared|  and  passing  the  two  together 
between  rollers.  The  freshly  cut  edges  or  surftices  of  a  piece  of 
caoutchouc  cohere  readily  ;  this  property,  with  ita  pliancy  and 
elasticity,  together  with  its  power  of  resisting  most  chemical 
agents,  renders  it  invaluable  in  the  laljoratory  for  forming  ficxiblc 
tulies  auri  joints,  uaed  in  connecting  apparatus  in  a  secure  and  air- 
tight manner*  Caoutchouc  melts  at  a  heat  of  about  250*^  or  260"; 
after  it  has  been  melted  it  does  not  solidify  on  cooling,  but  forms 
a  sticky  mass  which  does  not  becorae  solid  even  when  exposed 
to  the  air  for  months.  Owing  to  this  property  it  furniKhes  a 
valuable  material  for  the  lubrication  of  stop*fx>ekSj  and  joints 
intended  to  remain  moveable  yet  air-tight.  If  caoutchouc  be 
heated  sti-ongly  in  the  open  air  it  takes  fire,  and  bums  with  a 
bright  luminous  fiamc. 

If  distilled  in  close  vessels,  caoutchouc  fiimishes  a  mixture  of 
several  dillerent  hydrocarbons,  The  most  volatile  of  these  hiis  a 
sp.  gr.  of  0'6j4 ;  it  boils  between  92"^  and  110^',  and  remains  liquid 
at  very  low  terapenitures,  Himly  has  given  the  name  of  caontchme 
to  a  hydrocarbon  of  sp.  gr,  o'842  in  the  liquid  form,  and  4*46  in 
that  of  vapour.  It  boils  at  340*^,  and  is  isomeric  with  oil  of 
turpentine;  which  it  resembles  in  being  miscible  in  all  proportions 
with  alcohol,  ether,  and  the  fixed  and  volatile  oils.  It  may  be 
exposed  to  a  cold  of  - —  22°  without  becoming  solid.  It  dissolves 
caoutchouc  freely. 

Bouehardat  found,  among  the  less  volatile  portions  of  the 
oilj  a  yellow  oily  hydracarbon,  A er^wftf,  polymeric  with  olefiaut 
gas.  It  had  a  sp.  gr.  of  0*92 1,  and  boiled  at  599^  The  same 
chemist  likewise  obtained  during  the  distillation  of  caoutchouc  a 
very  volatile  portion  which  required  the  application  of  a  freezing 
mixture  for  its  condensation ;  he  descril>es  the  liquid  thus  olitaincd 
as  a  mixture  of  three  hydrocarlKjns,  one  of  which  appeared  to  be 
identical  with  tetrylene  (1021) :  the  secondj  of  sj>.  gr,  06^,  boiled  at 
58"^,  and  when  placed  in  a  treezing  mixture  yielded  crystalline  plates 
fusible  at  14^ :  tliis  compound  he  termed  caoutehtme.  The  third 
compound  was  considered  to  be  ulcutic^d  with  lieiebeidjach*s 
eupion  (1310}. 

(ii'Si)  A  highly  valuable  modification  of  caoutchouc,  discovered 
by  Goodyear^  has   lately  been  introduced  into  the  ails  under  the 
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name  of  vulcanized  ladiaD   rubber,  which  from  its  almost  perfect 
elasticity  at   all  temperatures   below   that  of  240°,  admits   of  a 
variety  of  useful   applications*     The  cut  eclges  of  this  form   of 
caoutchouc  do  not  cohere  by  pre^ure,  and  it  does  not  become 
adhesive  to  other  bodies  at  temperatures  below  212°.    Caoutchouc 
when  immersed   iu   the  form  of  sheet  in  melted  sulphur  at  250*" 
gradually  imbilx^s  fi-om  i  a  to  15  per  cent,  of  its  weight  of  gulphur^ 
but  it  does  not  at  this  temperatxire  experience  any  change  in  its 
physical  or  chemical   properties.      If  such  sulphurized  rublicr  be 
heated  for  a  few  minutes  to  about  300%  the  peculiar  elastic  modi- 
fication however  is  produced,  and  if  the  temperature   be  allowed 
to  rise  much  hi^^her  than  this,  the  mass  first  beoomea  black,  bard 
and  honiy,  and  at  a  few  degrees  beyond  this  it  is  converted  into 
a  hard  brittle  8ul>stance,  which  at   a   higher  temperature  under- 
goes  carljoiiization   and   decomposition.       Vulcanized  caoutchouc 
appears  to  consist  of  a  combination  of  the  elastic  gum  with  2  or  3 
per  cent,  of  its  weight  of  sulphur.     The  eiicess  of  sulphur  which 
is  usually  present  is  only  mechanically  distributed  through  the 
mass,  and   may  be   removed    by   the    u^e  of   solvents,  such   as 
benzole  or  sulphite  of  soda.     This  excess  of  sulphur  is  injurious 
to  the  elasticity  of  the  material,  and  gradually  renders  it  brittle 
and    rotten.       Several    modes   of   cfl'ecting    the    combination    of 
sulphur  with  caoutchouc  are  employed.     One  of  the  most  useful 
consists  in  dissolving  the  caoutchouc   in  turj^ntiue  in  winch  the 
proper  pro|>ortion  of  sulphur  had    been  previously  dissolved :  on 
allowing  the  solvent  to  evaporate,  the  mixture  of  caoutchouc  and 
sulphur  is  left  endued  with  the  properties  of  common  caoutchouc, 
and  may  be  easUy  moulded  into  the  form  of  the  various  articles 
required;  it  is  only  on  the  application  of  a  temperature  ranging 
from  270**  to  300°  that  the  [jeculiiir  pro^»crties  of  the  sulphurized 
compound  are  developed.    The  heat  is  most  advantageously  applied 
by  exposing  the  articles  to  the  direct  action  of  high  pressvure  steam 
at   270"  or  280^     The  addition  of  a  certain   proportion  of  car- 
bonate of  lead  to   the  compound  is  found  to  produce  an  article 
better  adapted  for  certain  purposes,  such  as   the   manufacture  of 
ovci^shoes  or  goloshes,  than  one  in  which   sulphuj  only  is   used ; 
due  proportions  of  sulphur  and  of  the  t^alt  of  lead  arc  incorporated 
with  the  caoutchouc  by  causing  the  caoutchouc  mixed  with  the  other 
ingredients  to  pass  repeatedly  between  polished  hollow  iron  rollers 
maintained  at  a  temperature  of  about  J  70^,  by  the  injection  of  steam 
into  their  interior.     Vulcanized  Indian-rubber  withstands  prolonged 
digestion  in  naphtha  or  turpentine  without  undergoing  solution. 
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GcTTA   PfiRCHA. — Tliis    BubstaucCj   which    is    similar 
in   chemical   properties  to  caovitchouc,   was  iutroduced  into  this 
country  as  an  article  of  comnierce  about  the   year  1844*     Giitta 
percha  is  the  concrete  juice  of  the  Jmnandra  percha,  a  tree  belong- 
ing  to   the  family  of  the  SapotacefS,  whicli  grows  iihuntlantly  in 
Singapore,  Borneo,  aiid  other  islands  of  the  Eastern  archipelago. 
iThc  name  percha   is  that  given  by  the  Malays  to  the  tree  which 
r 'pfoduces  it ;  it  grows  to  a  diameter  of  five  or  six  ie^t^  and  though 
timber  it  is  valueless,  the  fniit  yields  an  oil  fit  for  food.     On 
cutting  notches  through  the  bark   into   the  wood,  a  milky  Juice 
exudes,  which  speedily  solidifies,      Gutta    percha  is   a  tough  in- 
elastic substance,  which  at  ordinary  tcm|jcrfttures  retains  any  shape 
which  may  have  been  impressed  upon  it,  but  below  2 1 2"  it  becomes 
so  soft  that  it  may  be  mould ed  like  wax^  and  indeed  may  be  em- 
ployed for  taking  casts  and  impressions,  since  it  will  copy  the  finest 
lines  with  fidelity  *  beautifiil  raou^di ngs,  and  a  variety  of  useful  and 
ornamental    articles  are   thus   made  with  great  facility.      It  also 
possesses  the  valuable  property  of  welding  together  when  in  this 
soft  condition,  provided  that  tlie  surfaces   are  rpxitc  free  Irom   any 
film  of  moisture.      When   cold   it  again  becomes  hard,  and  pos- 
sessed  of  extraordinary    tenacity.      It   iSj   when   pure,   of  a   pale 
br*HTi  colour,  possessing  a  peculiar  odour  somewhat  resembling 
that  of  caoutchouc.      When  rubbed  it  becomes  negatively  electric, 
and  if  dry  it  is  an  insulator  of  electricity  ;  and  this  property  has 
led  to  its  extensive  employment  in  the  covering  of  wires  for  tele- 
graphic purposes    (260).       It   is  also   largely   used    as   a   water- 
proofing   material,    and  is   employed   as   a  substitute  for  leather 
in    soling   boots    and  shoes.       It    furnishes    a    valuable   material 
for  the  preparation  of  tubes  for  conveying  liquids ;   it  is  likewise 
Used    as  a  substitute  for   leather    in    the   const r-uction  of  bands 
for   driving  machinery,  and  is   daily  receiving   new   and  useful 
applications* 

Gutta  percha  is  quite  insalu1>le  in  water  ]  but  it  is  dissolved 
readily  by  benzoic,  chloroform,  bisulphide  of  carbon,  turpentine, 
and  the  essential  oils  in  general.  If  heated  moderately  it  melts; 
and  beyond  this  point  is  decomposed,  yielding  inflammahle  products. 
Solutions  of  the  alkalies  arc  without  action  upon  gutta  percha. 
Hydrochloric  and  dilute  hydrofluoric  acids,  as  well  as  the  dilute 
acids  in  general,  have  no  action  upoii  it ;  hence  it  is  employed 
in  the  preparation  of  bottles  and  vessels  used  for  containing  these 
liquids.  The  principal  drawback  to  this  use  is  the  difficulty  of 
preventing  it  from  retaining  a  certain  degree  of  porosity,  which 
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allows  the  slow  transudation  of  liquids  tKrongh  its  mass.  Con- 
centrated nitric  acid  rapidly  attacks  and  disintegrates  it,  and  oil 
of  vitriol  produces  the  same  effect  more  gradually. 

Payen  states  that  purified  commercial  gutta  percha  consists  of 
three  distinct  jjortions,  the  most  abundant  of  these,  the  pufe  guUa, 
ronstitntes  from  75  to  82  per  cent,  of  the  mass,  and  is  insoluble 
iu  alcohol  and  in  ether.  It  is  believed  that  this  substance  is 
a  hydrocarbon  isomeric  with  caoutchouc.  The  other  two  con- 
stituents are  a  white  and  a  yellow  resin,  both  of  which  are  soluble 
in  boiling  alcohol ;  but  the  white  resin  is  nearly  insoluble  in  this 
liquid  wlien  cold  ;  by  deposition  from  a  hot  alcoholic  solution 
it  may  be  obtained  crystallixed  in  pearly  plates,  disposed  in  radi- 
ated tufts.      The  yellow  resin  is  amorphous. 

(1263)  Kesin  op  JALAP*^This  substance  has  been  made  the 
subject  of  numerous  careful  experiments.  It  may  be  obtained 
in  a  colourless  form  by  treating  the  chopped  roots  of  jalap  with 
boiling  water,  re|jcatedly  submitting  thcra  to  pressm^  between 
each  operation,  and  when  the  expressed  liquid  is  no  longer 
coloured,  extracting  the  resin  from  the  undissolved  portion  by 
means  of  Ixjiling  alcohol  (sp.  gr,  o'88o).  This  resin  amounts  to 
from  10  to  15  per  cent,  of  the  weight  of  the  root  operated  on.  It 
is  a  mixture  of  two  definite  resins.  One  of  these  {pararhodeoretifi) 
is  soluble  in  ether,  and  is  powerfully  acid  ;  it  has  the  peculiar 
odour  and  acrid  taste  of  jalap.  It  does  not  crystallize  from  its 
alcoholic  or  ethereal  solutions,  but  if  these  be  mixed  with  water,  the 
semi-solid  mass  which  is  formed  becomes  gradually  filled  with 
needle-shaped  crj'stals;  it  may  be  sublimed.  According  to  the 
analysis  of  Johnston  it  may  be  represented  as  (C^j^Ila^Oij,). 

The  resin  which  is  insoluble  in  ether  (jaiapin  or  rhodeoreiin) 
is  remarkable  for  being  susceptible  of  deeoin position  into  glucose 
and  a  resinous  acid,  Jaiapin  is  whitCj  and  destitute  of  odour  and 
taste.  It  is  fusible  at^oo*'.  Alcohol  a!id  acetic  acid  dissolve  it  readily. 
It  is  also  readily  soluble  in  alkaline  solutions,  especially  if  boiled 
w ith  them,  !Mayer  terms  it  cofivoivuHn,  and  assigns  to  it  the  for- 
mula (Co^lIsoOyj)*  "^^lis  ^^®i^  appears  to  constitute  the  purgative 
principle  of  tlic  jalnp.  Oil  of  vitriol  dissolves  it  slowly,  and 
assumes  a  beautiful  red  colour,  which  gradually  passes  into  brown. 
On  dilution  an  oily  looking  acid  body  is  precipitated,  and  glucose 
remains  in  solution.  According  to  Mayer,  the  fusiform  variety  of 
jalap  {Co7wolvolus  orizabensis)  contains  a  resin  homologous  with 
rhodeoretin  (CojjIItioOj,,),  which  when  treated  with  sulphuric  acid 
is  similarly  decomposed^  glucose  remaining  iu  the  solution. 
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5  III.     Glucosides,  or  Compounds  which  contain  Glucose, 

( T  264)  In  the  course  of  the  present  chapter  some  crTstalline 

'eompoumlB  have  been  describetl,  uhieh  like  amy gtluliii,  salicm,  and 
populiD^  iinfler  certain  circiiraatances  break  up  into  ghico^e,  and  into 
some  compound  or  compounds  characteristic  of  tlie  substance  from 

jvhich  it  is  derived.  Tlie  com  pom  ids  which  yiehl  su^r  when 
thus  broken  up,  are  termed  f/iucfmdeji.  They  may  be  duklivided 
into  two  classes  :  one  of  tlies<e  consists  of  neutral  substances,  liko 
amygdalin  and  salicin  ;  the  other  consists  of  acid  l>orlie»,  such  as  gal- 
lo tannic  acid.  We  shall  now  proceed  to  notice  some  of  these  com- 
pounds ;  viz.,  phloridzin,  (inercitrin,  arhntin,  esculiu,  and  saponin* 

(1265)  FtiLORiDziN  (C^^H^kO^,),  4  Aq;  Streeker).^ — Tliis  is  a 
substance  which  occun*  in  the  bark  of  the  apple,  pear,  cherry,  and 
plum  tree,  and  probably  in  other  fruit  trees.      In  order  to  extract 

I  it^  it  is  sutlicieut  to  boil  the  bark  for  some  time  with  water,  and  to 
allow  the  hquid  to  cooh  Pbloridziu  is  deposited  in  silky  crystals, 
which  may  be  purified  hy  redissohiug  them  in  water,  digest- 
ing with  animal  cliarcoal  and  rccrystallizing.  It  lias  a  slight 
hitter  tlavoiu%  followed  by  a  sweetish  taste.  It  requires  upwards 
of  1000  parts  of  cold  water  for  solution,  but  it  is  largely  sohible 

I  in  boiling  water.  Alcohol  and  wood  spirit  dissolve  it  freely,  but 
it  is  nearly  insoluble  in  ether.  Its  alcoholic  solution  causes  left- 
Landed  rotation  in  a  ray  of  polarized  light.      When  heated  to  212'' 

I  it  loses  four  equivalents  of  water,  and  at  a  temperature  Ijetween 
223°  and  228°  it  undergoes  fusion,  after  which,  by  an  additional 
elevation  of  temperature,  without  undergoing  any  iurther  loss  of 
water,  it  becomes  solid,  and  does  not  melt  again  until  the  tem- 
perature has  been  raised  to  3^0^  At  392**  it  again  begins  togiveofl' 
water,  and  assume  a  red  colour,  forming  a  rcsinoid  body  (Ci2l[.^^0i((), 
termed  rufin ;  this  substance  is  soluble  in  alcoliol.  Boiling  water 
also  dissolves  it,  but  the  solution  is  entirely  colourless. 

An  aqueous  solution  of  phloridziu  yields  a  white  precipitate 
with  one  of  subacetate  of  lead  (6  PbO,  Cj^HjiOan  ?)*  It  also  forma 
compoinuls  with  baryta  a:id  lime,  hut  these  substances  become 
brown  by  exposure  to  air. 

PlJoridziu,  when  boiled  with  weak  acids,  is  decomposed  into 
g'rape  sugar,  and  a  resinous  matter  termed  phloreHn : — 

Phloridzin,    under    the   combined   irillucucc  of  air  and  ammonia, 
yields  a  red,  bitter^  uncrystallizablc  compound  tm'invd  jMoriztin, 
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(Cj.jlJ.^jNjO^y),  which  ia  readily  soluble  in  boiling  water.  "When 
pbJoridziu  is  exposed  to  the  vapour  of  ammonia,  it  produces  a 
beautiful  blue  compound  with  a  coppery  lustre  which  appeans  to  be 
a  compound  of  ptdorizein  with  ammonia;  this  substance  is  very 
soluble  in  water,  and  cannot  be  obtained  in  crystals;  sulphuretted 
hydn>^en  and  other  deoxidizing  agents  destroy  this  blue  colour^ 
but  it  is  restored  by  exposure  to  the  air* 

Vldoridxiu  does  not  yield  any  essential  oU  when  treated  with 
chromic  acid  or  other  oxidizing  agents ;  in  this  respect  it  presents 
an  im|)ortaut  diflereuce  from  salicin^  which  in  other  points  it 
g:tratly  resembles* 

(1266)  QuKRciTRix  {CsglligOao  +  aAq).— Tlxis  substance  is 
homologous  with  phloridzin^  and  contains  3  (C,!!.^)  less  than  this 
\Knh\  Quercitrin  is  the  yellow,  crystallizable  colouring  matter,  con- 
tained in  the  bark  of  llie  quercitron  or  Qutrcus  tinctoria.  It  may 
be  extracted  from  the  bai'k  by  means  of  alcohol,  sp.  gr.  0*84  ;  the 
tannic  acid  is  removed  by  the  addition  of  gelatin,  and  the  liquid 
on  evaporation  yields  quercitrin,  which  may  be  puriHed  by  recrys- 
tallizalion  from  alcolioL  It  is  sparingly  soluble  in  boiling  water 
and  ether,  but  is  readily  dissolved  by  hot  acetic  acid,  as  well  aa 
by  weak  solutions  of  the  alkalies,  with  which  it  forms  a  liquid  of  a 
greenish-yellow  colour,  which  gradually  passes  into  dark-brown,  A 
solution  of  alum  slowly  dcvelopes  a  beautiful  yellow  colour  in  ita 
solutions.  Solutions  of  acetate  of  lead,  acetate  of  copper,  and 
chloride  of  tin,  precipitate  it  in  yellow  flocculi.  With  persulphate 
of  iron  it  produces  an  olive-green  colour*  When  quercitrin  is 
boiled  with  dilute  sulphuric  or  hydrochloric  acid,  it  is  decomposed 
into  glucose  and  gutrceiin  (Coil^JJ^n)}  a  substance  sparingly  soluble 
in  water,  but  readily  soluble  in  alcohol :  it  may  be  obtained  in 
minute  lemon-yellow  crystals,  Quercetin  is  also  soluble  in  solu- 
tions of  potash  and  of  soda,  to  which  it  communicates  a  golden- 
yellow  eolour.  The  decomposition  of  quercitrin  by  acids  may  be 
thus  represented : — 

Quercitrin.  Qa^re«ttii.  Gluooftt.  

"~"^  4  HO    =     '     ^^ 


'^le"  ig'^so 


CjjHj^O,,, 


2  HO. 


4-     4HO    =     C,,H,0,„    + 

(1267)  AnBUTiN  (CjjgHg^Oiy?  Kawalier)  is  a  crystallizable  prin- 
ciple contained  in  the  leaves  of  the  Arctostaphyios  uva  ursi,  which 
when  treated  with  synaptase  is  decomposed  into  glucose,  and  a 
cr)'stalline  body  termed  arctuvin  (Cj^^H^tjOy  V) : — 


I 


4 


4 
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^Mll2jO,t     +     3HO     =     C,„II,Py     -h      C,3U,,0^,2HO. 


E8CULIN    OR   POLYCHROME — SAPONIN.  513 

(1268)  EscuLiN  or  polychrome  [C^l^fi^Q-,  at  212°). — This 
substance  is  contained  in  the  bark  of  the  horse-chcsnut.  In  order 
to  extract  it,  the  aqueous  infusion  of  the  bark  is  treated  with 
acetate  of  lead,  and  filtered,  the  excess  of  lead  is  removed  by 
means  of  sulphuretted  hydrogen,  and  the  liquid  is  evaporated  to 
the  consistence  of  a  syrup ;  in  the  course  of  a  few  days  the  esculiu 
crystallizes :  it  may  be  washed  with  cold  water,  and  recrystallizcd 
first  from  weak  alcohol  (sp.  gr.  0*940)  and  afterwards  from  boiling 
water.  Esculin  forms  small  colourless  needles,  which  have  a  bitter 
taste  and  a  slightly  acid  reaction.  It  is  sparingly  soluble  in  cold 
water  and  in  ether,  but  is  dissolved  abundantly  by  boiling  water, 
and  less  freely  by  hot  alcohol.  Solutions  of  esculin  are  particularly 
remarkable  for  their  fluorescent  power,  in  consequence  of  which 
they  appear  in  certain  positions  to  be  deep  blue,  although  colourless 
if  viewed  by  transmitted  light.  Acids  destroy  this  property,  l)ut  the 
addition  of  an  alkali  to  the  liquid  heightens  the  fluorescent 
character.  Esculiu  fuses  and  loses  water  when  heated  to  320°; 
at  a  higher  temperature  it  is  decomposed,  emitting  an  odour  of 
burnt  sugar,  whilst  a  small  quantity  of  esculetin  is  sublimed  in 
crystals. 

Esculin  when  boiled  with  dilute  acids,  or  when  digested  with 
synaptase,  undergoes  decomposition  into  esculetin  and  glucose : — 

Esciilin.  Esculetin.  Olucoie. 


+     loHO    =    CJlfi^    +   2(Cj3H,A2. 2IIO). 

Esculetin  is  a  substance  which  has  a  slightly  acid  reaction  upon 
litmus ;  it  is  sparingly  soluble  in  cold  water,  in  cold  alcohol,  and 
in  ether ;  but  it  is  freely  soluble  in  boiling  alcohol,  which  deposits 
it  in  crystalline  needles  or  plates  resembling  those  of  benzoic  acid. 
Esculetin  is  soluble  in  solutions  of  the  alkalies,  forming  a  golden 
yellow  liquid ;  and  a  hot  concentrated  solution  in  ammonia,  as  it 
cools,  deposits  a  yellow  crystalline  compound.  The  presence  of 
a  trace  of  a  persalt  of  iron  gives  to  esculetin  a  dark  green  tinge, 
but  the  colour  is  destroyed  on  the  addition  of  an  acid.  A  solution 
of  acetate  of  lead  when  mixed  with  one  of  esculetin,  produces  a 
lemon  yellow  precipitate  (CiHU^Pb^Oy). 

(1269)  Saponin  {C^^l^QOy^'t). — This  substance  is  contained  in  a 
considerable  number  of  plants,  including  the  Saponaria  officinalis, 
the  Polygala  senega,  and  the  root  of  the  common  pink :  it  is  also 
found  in  the  pimpernel,  in  the  fruit  of  the  horse-chesnut,  and  in 
several  varieties  of  Lychnis.  Saponin  is  easily  extracted  by  means 
of  boiling  alcohol  (sp.  gr.  840),  from  the  root  of  the  Saponariaor 
$oap'Wort;  as  the  liquid  cools  the  saponin  is  deposited  as  an  amor- 
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pbam  icdimciit,  which  if  coloured  rou^t  be  digested   in  ether, 
ardrr  to  neioove  the  colotiriug  matter. 

VHtm  dry,  taponiu  formfl  a  colotirless  friable  mass,  wbich 
of  odoiifj  and  of  a  sweetidi,  styptic,  persistent  taste. 
to  the  mucous  membrane  of  the  nose  it  prt^duces  viole 
Sapomiii  ia  etoluble  in  water  in  all  proportions,  yiel 
m  90toew\M  o|Mdesoeiit  liquid,  wbicb  froths  ^tronglr  on  agitatioi 
tfte  m  foliitiaii  of  loap^  even  though  it  may  not  contain  mi 
lliatt  ft  llmmtidlb  of  ite  weight  of  saponin ;   the  liquid  wh 
mmfanlteA  Imvm  the  npootn  in  the  form  of  a  transparent,  britt 
Tintrth      Its  iolniioii,  or  an  infusion  of  soap-wort,  is  sometiui 
wmftmitA  imieftd  of  a  solution  of  an  alkaline  soap,  for  cleai; 
the  faer  Tarictiea  of  wool  from  grease.     Saponin  is  also  soluble  lit' 
tfhtta  alcohol,  hut  insoluble  in  ether.     Its  soUitious  yield  a  white 
pErecipitiite  with  subacetate  of  lead, 

\M)cn  lioiled  with  dilute  acids  saponin  yields  a  peeitliar  adi 
the  sa/mnic  or  escuHc,  and  at  the  same  time  a  substance  resemUin; 
gum  (CuH|iO,i).  is  separated  (Rochleder  aud  Schwartz).  8a[9onic 
acid  may  also  be  obtained  by  digesting  saponin  in  weak  alkalini 
8<^lutions*  The  composition  of  tiaponic  acid  is  doubtful,  but  it  pi 
scnt^  well-marked  characters.  It  is  nearly  insoluble  in  water  an 
in  ether,  but  is  readily  dissolved  by  alcohol,  which  deposits  it  in 
grumdar  crystals.  Its  salts  with  potash^  soda,  and  ammonia,  are 
8oUil)le  in  hot  water,  aud  the  Hcpiid  on  cooling  sets  into  a  jelly. 
A  solution  of  these  salts  in  dilute  alcohol,  sp.  gr.  0*960,  deposits 
them  iu  ]>carly  crystals.  Sapouic  acid  forms  compounds  with, 
lime,  baryta,  copper,  and  lead,  which  are  insoluble  in  water,  bni 
soluble  in  dilute  aleoboL 

A  variety  of  other  neutral  crystallizable  principles  have  bee: 
obtainctl    from  plants,   mauy  of  which  arc  used  medicinally,  bu 
few   of  them  have  been  minutely  examined.     It  is  probable  tha 
many    of    these    bodies   will    prove    to  be  identical   with   others 
already  known,   and   many  others    will   most  likely   be  found   to 
belong  to  the  class  of  glucosidea. 


CHAPTER  Vni. 


COLOURING    MATTERS. 

(1270)  The  substances  which  are  about  to  he  treated  of  in  the 
present  chapter  luidcr  the  head  of  colouring  mailers^  are  gron]]ed 
together  on  account  of  the  similarity  in  the  modes  of  applying 
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tltem  ia  the  arls,  and  not  fi'om  any  well-marked  chemical  rela- 
tions which  exist  between  them.  The  relations  of  many  of  these 
boflies  to  otiier  ^onjis  are,  however,  remarkable^  and  preaent  many 
points  of  considerable  interest. 

The  colouring  matters  are  found  in  all  the  organs  of  plants. 
In  the  madder,  turmeric,  and  alkaiict  they  are  obtained  from  the 
roots ;  in  logwood,  Brazil  wimkI,  and  fustic,  tbey  are  found  hi  tlie 
wood  I  in  quercitron  in  the  bark ;  in  salllower  they  are  furnished 
by  tbe  petals,  and  in  saifroii  by  tbe  autbers  of  tbe  flowers  j  wbikt 
ill  tlie  Persian  berry  and  in  aiiuatto  tbey  are  obtained  from  tbe  seed. 

Many  colouring  matters  in  the  form  in  which  they  exist  in  the 
growing  plant  give  little  or  no  indication  uf  tliclr  tinctorial  power. 
This  is  tbe  ca^c  with  indigo,  and  with  the  blue  colouring  matters 
of  the  lichens  ;  but  by  the  action  of  fermentation  and  af  atmo- 
spheric oxygen,  or  by  the  efleet  of  ammonia,  or  by  tbe  action  of 
other  chemical  agents,  t!iey  may  be  made  to  furnish  dye-sttitTa  of 
great  brilliancy  and  beauty. 

Most  of  the  organic  colouring  matters  fade  or  change  their 
hue  under  the  combined  iuHnence  of  oxygen  and  solar  light ;  tbey 
undergo  a  species  of  alow  combustion,  and  are  in  many  cases  ren- 
dered colourlesg.  Many  of  them  are  also  deprived  of  colour  by 
reducing  agents,  such  as  sidphuretted  hyilrogen,  tlic  sidpbi<ies  of 
tbe  alkaline  metals,  and  the  salbs  of  the  protoxides  of  iron  and  of 
tin ;  but  in  these  cases  the  colouring  matter  recovers  its  original 
hue,  when  it  is  again  exposed  to  the  air.  The  roots  of  the  plant 
appear  to  exert  a  reducing  etfect  upon  many  colouring  matters^ 
wliil^t  in  the  flower  the  opposite  cfTect  takes  place  •  this  is  beau* 
tifnlly  shown  in  an  exjierimeiit  by  Pei*soz : — if  the  roots  of  a 
transparent  plants  such  as  balsam  [impatiena),  be  immersed  in  a 
coloured  solution,  such  as  one  of  logwoo{l,  the  coloured  liquid  ia 
absorbed  by  tbe  radicles,  it  is  deprived  of  a  portion  of  oxygen, 
and  loses  its  colour;  in  this  form  it  continues  to  circulate 
through  the  plant  until  it  reaches  the  petals  of  tFie  flowers,  where 
it  again  absorbs  oxygen  and  resumes  its  original  hue. 

All  organic  colouring  matters  are  destroyed  by  chlorine,  which 
acts  in  some  cases  by  displacing  hydrogen,  in  others,  by  decom- 
posing water  and  setting  oxygen  at  liberty,  and  thus  producing 
new  comiKiinids  destitute  of  colour.  Sulphurous  acid  also  in  many 
instances  combines  witli  tbe  colouring  body,  and  produces  new 
compounds  not  possessed  of  tinctorial  power. 

Almost  all  tbe  colouring  mattei*s  require  a  preparation  more  or 
less  elaborate  before  they  are  fit  for  use ;   many  of  the  processes 
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employed  in  brigMening  and  fixing  their  tints  are  of  a  complex 
nature^  and  still  retain  tbeir  original  empirical  character.     In  many 
of  the  colouring  matters  of  oi^nic  origin,  nitrogen  is  an  es^ntial 
constituent,  though  in  a  still  greater  number   it  i«  absent.     The  ^i 
colouring  matters  in  most  frequent  use  exhibit  the  projxirties  of^H 
very  feeble  acids.     Mos^t  of  them  arc  consequently  more  soluble  in  ^i 
alkaline  liquids  than  in  pure  water,  and  they  lorm  detinite  ijisoluljle       i 
compounds  with  the  earthsj  and  with  some  metallic  oxides,  such  as  ^M 
tho^e  of  lead  and  of  tin.       Such  compounds   with    the   metallic  ^^ 
oxides  usually  possess  great  tinctorial  or  colouring  ixiwer,  and  arc 
termed  lake^.     The  formation   of  these  insoluble  compounds  is  a 
circumstance  of  fundamental  importance  to  the  dyer  and  calico- 
printer,  since  u|K)n  it  depends  the  general  method  of  mordantutg, 
used  in  the  arts  of  dyeing  and  calico-printing. 

(1271)  Yellow  Dvks, — ^The  most  important  yellow  dyc-stuffi 
are  quercitron,  fustic,  saflVon,  turmeric,  annatto,  and  weld.  The 
colouring  mattei^  of  the  Persian  berries,  of  ptuTee,  and  of  rhubarb^ 
are  less  frequently  employed. 

1.  Querciiron  is  the  Vnirk  of  the  Quej'ctt^  iinctoria.  It  yields 
a  yellow  crystal lizable  principle,  fjuercitnu  (1266),  of  feebly  acid 
properties,  soluble  in  alcohob  sparingly  so  in  water,  freely  so  in 
ftlkalicrt. 

2.  The  Mortis  imctoria  or  Old  fustic,  is  particularly  em- 
ployed for  dyeing  woollens  yellow ;  it  is  also  used  to  imjiart  to 
thcTU  green  and  olive  hues  when  mixed  witli  indigo  and  salts  of  iron* 
Fustic  furnishes  a  yellow  colouring  matter,  which  may  be  obtained 
ill  crystals  liy  evaporating  its  aqueous  infusion*  This  sulMance 
Ims  been  termed  munianntc  add  (i  1 20)  (C^^jHujO^)).  It  has  a  bitter 
taste,  is  soluble  in  ether,  and  gives  a  green  precipitate  with  waits 
of  iron.  Acids  and  alkalies  deepen  the  tint  of  the  aqueous  solution 
without  producing  any  precipitate.  When  mixed  with  alum  it 
produces  no  precipitate,  but  on  tlic  addition  of  carbonate  of  potash 
to  this  solution,  a  yellow  lake  is  formed. 

3.  The  Rhus  cotiftm  or  Youfig  fmiic,  contains  a  different 
yellow  dve,  which  is  very  soluble  in  water;  potash  renders  it 
purple,  passing  into  a  reddish  yellow  ;  while  the  acetates  of  lead  and 
of  copper  produce  an  orange-coloured  lake  with  a  decoction  of 
this  wood.  Wool  mordantetl  with  alum  acquires  a  bright  yellow 
dye  in  a  bath  of  this  colouring  princifTle. 

4.  The  Crocus  saiivm  yields  Saffron j  a  colouring  matter  con- 
tained in  the  antlicra  of  the  flower;  it  is  very  soluble  in  water  and 

^In  alcohol.      It  has  been  but  imperi'ectly  examhied. 

5.  Vurcunwi^  or  the  colouring  matter  of  Turtneric  {Curcumm 
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»/7tf>,i$  of  a  resinous  nnturc  ;  it  b  nciirly  in.'^oluhlt*  in  wntrr,  ImU  iiJ 
f1ts$olved  freely  by  ak*olinl  and  by  ctlicr»     Alkuliue  mjlutiiHiH  !ttk<i 
it  up  abundantly,  ami  change  tlic  col«nir  to  bt*own.    Tbi*  ehiingtHif 
culour  is  often  employed  in  tlie  liibnrntory  to  imlieate  tbr*  premMu^. 
of  free  alkali,  since  paper  tinged  yellow  witli  tnietiire  o(  tnnnrrlci^ 
becon[ies  brown  when  immersed   in  u  nolntion  eontainiii^  untHim* 
bined  alkali.      CurcumiTi  i»  f^oluhle  without  rban^e  of  lint  in  tbo 
acetic,    pbospborie,    bydroehlnric,    and     Knl|ihin'ie    aeidn*        It    m 
employed  for  dyeing    wool   luid  i*ilk,  an  W(»ll  aji  for  colouring  tl»t» 
Ciirrff  pounder  of  India, 

6.  Annaiio. — Thi«  colonrifi^^  matter  in  in  the  form  af  a  |)n»ia, ' 
prepared  from  the  sce<l«  of  the  HLra  orrllana,  and  i«  uned  for  dyeing 
iiaukeeii.  It  appeur»  to  eotitain  an  onuif^^e-rcrl  iv^lfMirinj^  mib»*hinei»^ . 
called  /iUirij  and  a  yellow  termed  ord/in.  Iii%ni  i*  a  reninoni 
matter  sparinpjly  soluble  in  water,  but  friH^ly  *io  in  ideohol  und  in 
ether.  The  alkalies  dinm ilvcr  it,  pnnluri  11^15  a  ch*rp  red  vtAanv,  and  oil , 
neutralizing  the  dilution  with  an  acid  it  fall*  tw  an  oriiuKi'  }(i't*« 
cipitate.  The  fixed  oils  alio  diMolve  thin  cohniring  priiiitl|dif| 
which  closely  resembles  that  of  the  turnn'ric*. 

7.  The  root  of  the  comruoo  Hkulmrh  yiiddM  it  y<'lhiw  colon Hn(f 
matter,  termed  rhein  or  chrymphanic  acid  {C^jilI^tVO,  whii^i  in  aho 
fuund  in  one  of  the  lichens  (Parmelia  parietitui).  It  in  nfiarinKly 
soluble  in  water,  but  freely  soluble  in  the  alkalifs*,  prndneinn  a  rcnl* 
dish  brown  coloured  liquid,  from  which  on  the  addition  of  acetic  m^d 
it  may  be  precipitated  in  tioeculi ;  this  chanf2f<^  from  yellow  to  rrA 
h  ellected  by  a  minute  trace  of  alkali,  so  that  paper  stained  with 
rhubarb  may  be  used  as  a  teat  for  the  presence  of  a  free  alkali 
Klicin  is  accompanied  by  a  portion  of  resin,  which  may  l>e  |»re-cif 
tated  by  the  addition  of  ether  to  the  alcoholic  solution*  Clif 
plianic  acid  is  soluble  in  ether  and  in  hot  alcohol,  from  wliicM  it 
may  be  obtained  in  crystals  of  a  golden  yellow  metallic  Uuitf*. 

8.  The    H'tid    or    Reseda    htteola    also    furuishcs    a 
colouring  matter,  which  is  highly  prized  for  its  solidity  uu 
bility.    Lnitolhif  as  this  substance  is  termed,  may  be  extmrtrfi 
the  dried  plant  by  means  of  boiling  water ;  it  is  freely 
alcohol  and  ether,  hut  sparingly  so  in  water.      It  may  he 4 
unaltered  and    condenses   in   yellow  necdh^.      Its   mAtdlt\»km 
yellow  lakes  with  alum,  protochloj'idc  of  tin,  and  acCt% 

9.  Persian  Birries, — The  fruit  of  various  f*peeie»  f/   -'.--  - 
when   gathered    betbrc   it    is  fully   ripe,   contain*  s  trj^m^n*'- 
amount    of   a    yellow    colouring  matter,  termcjd 
(CrJIjiOii?).      This  substance  may  be  extracted  by  I 
which   deposits  it   in   brilliant  bteilate    groups  of 
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orysmls;  an  alroboHc  solution  of  this  compound  yields  with  an 
alcoholic  solution  of  acetate  of  lead  a  yellow  lake  (a  PbO, 
CoqHnOii  ?).  Chryso-rhamniii  is  nciirly  insoluble  in  cold  water, 
bat  if  boiled  witb  water  it  is  partially  dissolved,  and  is  converted 
into  a  compound  termed  j^miiho-rhamnin  (Cg^llj^Oj^?),  which  is 
also  one  of  the  constituents  of  the  ripe  berries  (Kane). 

lo.  Pttrree^  or  Indian  Yellow. — -This  substance  has  been  parti- 
cnlarly  examined  by  S'tenliouse  and  by  Erdmann»  It  is  a  colour- 
ings matter  highly  esteemed  by  artists,  and  is  supposed  to  be  of 
animal  origin  ;  it  is  sold  in  ma^sses  of  three  or  four  ounces  in  weight, 
whieli  have  cxteriorlv  a  dark  brown  colour,  but  when  broken  arc 
of  a  briglit  orange-yellow.  Its  odour  is  peculiar^  and  resembles 
that  of  castoreum.  This  substance  consists  chiefly  of  the  mag- 
nesian  salt  of  a  peculiar  acid,  termed  purreic  or  eujcanthie  add. 
Purree  is  scarcely  soluble  in  water  or  in  alcohol,  but  it  is  entirely 
soluble  in  boilin']^  dilute  hydrochloric,  or  in  acetic  acid  ;  as  it  cooU 
pale  yellow  needles  of  cuxantliic  acid  (110,  C42llir02i ;  Laurent) 
are  deposited  in  stellate  groups*  It  is  somewhat  soluble  in 
boiling  watcr^  and  is  readily  dissolved  by  Ijoiling  alcohol  and  by 
ether.  Cold  water  dissolves  but  very  little  of  it;  alkaline  solu- 
tions dissolve  it,  and  form  a  yellow  liquid.  A  solution  of  euxan- 
thate  of  potash  when  mixed  with  tiie  solutions  of  the  salts  of  the 
earths  gives  brilliant  yellow  sparingly  soluble  precipitates;  with 
acetate  of  lead  it  forms  a  yellow  insoluble  lake. 

When  euxauthie  acid  is  heated  in  a  small  tube  to  a  temperature 
a  little  above  312'',  it  melts,  and  a  yellow  sublimate  of  piOTenone  or 
eua^anfhofte  (C^oHiaOi^)  is  formed,  whilst  water  and  carbonic  acid 
are  evolved  :  it  is  also  obtained  by  transmitting  chlorine  through 
a  hot  solution  of  euxauthie  acid  in  absolute  alcohol;  and  the  same 
compound  is  produced  ^vben  euxauthie  acid  is  dissolved  in  oil  of 
vitriol,  the  solution  gradually  depositing  crystals  of  euxanthone. 
The  sulphuric  solution  contains  a  new  colligated  acid,  termed 
sulphohiimathionlc  acid,  the  composition  of  which  is  doubtful. 

The  yellow  dyes  are  not  often  used  alone.      They  are  generally 
employed  in  combination  with   other  colours  to  modify  shades,  or 
to  produce  compound  coloui's,  as  when  mixed  with  blues  to  pro- 
dace  green. 
I  (1272)  The  rkd  dyes   are  of  greater  importance;  of  these, 

madder,  logwcMid,  Brazil  wood,  carawootl,  sandal  wood,   sattlower, 
j    cochineal,  and  lae  dye,  are  those  in  most  extensive  use,  _ 

I  0^73)    !■   Maduer  is  the  root  of  the  Rudia  thictmntm^  a  plant      ^H 

I    ■kinill  is  grown  largely  in  the  Levant,  m  the  South  of  France,  and  V 
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in  Alsace.  It  is  consumed  in  enormous  quantitica  for  dyeing  reds 
and  purples ;  Turkey  red  cloth  owes  its  briUiuut  hue  to  the 
colouring  matter  of  this  root.  The  coni[>osition  of  the  madder 
root  has  l>een  the  subject  of  many  chemical  investigations,  the 
most  recent  and  couiplete  being  those  of  Rochleder  and  of  Schunck. 

Aceording  to  the  microscopic  obscrvationa  of  Decaisne,  the 
madder  root,  whilst  growing,  does  not  contain  any  red  colouring 
matter;  but  its  cells  are  filled  with  a  yellow  subntauce  which 
increases  in  quantity  with  the  iige  of  the  root;  and  this  body  by 
cjtposui'e  to  the  air  absoibs  oxygen^  after  which  tfie  red  colour  is 
developed ;  an  observation  wliich  agrees  with  tlie  experiments  of 
Higgin  and  of  Scluiuek. 

Aecording  to  tlie  last-named  chemist,  the  madder  root  of  com- 
merce in  addition  to  ligneous  fibre,  contains  several  distinct  sub- 
stances ;  vh,,  a  bitter  pi'iuciple,  ruhtan^  wiiicli  by  its  decomixjsition 
yields  two  colouring  matters  alhnrin  and  ruHacln,  two  rcisins, 
pectic  acid,  and  a  brown  substance  which  is  probably  a  product  of 
oxidation  of  some  of  the  foregoing  bodicij.  It  also  contains  oxa- 
late and  phosphate  of  lime,  besides  other  saliuc  mattci's. 

Some  of  these  bodies  arc  injurious  to  the  brilliancy  of  the  dye. 
Alizarin,  according  to  Schunck,  ifi  the  only  true  dyeing  principle 
of  the  madder  rfK>t.  It  has  already  been  stated  that  alizarin  does 
not  e\ist  ready  formed  in  the  growing  root,  but  that  it  is  produced 
by  tbe  decomposition  fif  rubiau  ;  and  it  is  well  known  to  the 
dyer  that  the  full  colouring  power  of  the  root  is  not  developed 
until  after  the  dye-stufi*  has  undergone  partial  fermentation. 

In  order  to  extmet  tlie  whole  of  the  colouring  material,  Schunck 
dissolves  out  the  soluble  matter  from  the  mot  with  water,  and  decom- 
poses this  solution  by  boiling  it  with  dilute  acid,  when  the  whole 
of  the  colour  giving  (lortiou,  including  the  alizarin,  is  precipitated. 
If  this  precipitate  be  boiled  with  water,  the  alizarin  is  di.-isolvcd, 
and  the  rubiacin  and  the  resins  are  left*  Another  plan  of  obtaining 
alizarin  consists  in  reducing  the  root  to  a  coarse  powder,  treating  it 
with  hot  sulphuric  acid,  and  well  washing  it  till  the  last  traces  of 
acid  arc  removed;  the  earthy  matters  are  thus  rendered  soluble, 
and  everything  which  water  will  take  up  is  removed  ;  but  nearly 
the  whole  of  the  alizarin  remains  untouched,  since  it  is  insoluble 
in  water  containing  free  acid;  the  undissolved  mass  when  dried 
is  largely  used  in  the  print  works  under  the  name  of  garancia. 
By  boiling  this  garanein  in  a  large  quantity  of  w^atcr,  the  colouring 
matter  is  dissolved  and  on  addit^g  sulphuric  acid  it  is  precipitated 
mixed  with  several  impurities.     If  this  precipitate  be  well  wa^shed. 
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dricfl,  ant!  submitted  to  sublimation,  beautifiJ  orange- coloured 
needles  of  alizariu  are  obtained ;  these,  if  washed  with  eold  alcohol 
and  dried,  are  perfectly  pure> 

(1274)  Alizarin  (Cj^HsO^,  3  Aq,  Schunck ;  C^oH^Oe,  4  Aq, 
Strecker), — This  is  a  red  erystalline  matter  destitute  of  odour  and 
of  taste  ;  it  is  neutral  to  test  papers,  and  is  almost  insoluble  in 
eold  water*  It  is  but  sparingly  soluble  in  hot  water ;  hot  alcolicd 
dissolves  it  more  freely,  and  if  this  solution  be  evaporated,  alizarin 
is  deposited  in  plates  resembling  those  of  mosaic  gold.  It  is  also 
soluble  in  ether ;  acids  brighten  its  tint  but  do  not  dissolve  it* 
Potash  dissolves  it  freely,  and  strikes  a  beautiful  purple,  but  it  is 
precipitated  vuialtered  on  adding  an  acid  ;  with  lime,  baryta,  and 
Qodide  of  tron^  it  forms  insoluble  purple  lakes.  With  alumina  it 
ibrais  a  beautiful  red  lake.  Alizarin  is  not  decomposed  even  by 
boiling  sulphuric  acid,  which  dissolves  it,  and  on  ddution  deposits 
it  itiiehanged.  Boiling  dilute  nitric  acid  converts  alizarin  into 
phthalic  (alizaric)  acid,  and  probably  into  oxalic  acid  (Strecker 
),  whilst  nitrous  vapours  are  evolved  ; — 

Fhtiublic  Acid.  Oxitlte  Aeid. 


L^mlitjU,, 


+   2  HO   +   8  O   =  2  IIO,  CieH^O^  +  2  HO,  C^O^. 


,.^  The  crystals  of  alizarin  deposited  from  its  spirituous  or  aqueous 
blutiou  lose  about  1 8  per  cent,  of  water  at  2 1 2°,  By  a  heat  of 
about  420*^  alizarin  h  sublimed,  but  part  of  it  undergoes  decom- 
lK>sition.  The  sublimate  forms  beautiful,  transparent,  orange- 
colourcil  needles,  which  are  anhydrous  and  of  high  lustre. 

(1275)  ^"^"^'^  (Q,<iH;j40an '''  Schunck)  ;  the  Rul/eri/ihric  And  of 
Eochleder?^ — This  is  a  bitter  uncrystallizable  principle,  which 
imder  the  influence  of  acids,  of  alkalies,  and  of  a  peculiar  azotized 
ferment  {Enjikrozym)  eontaiiietl  in  the  madder  root,  is  broken  up 
into  a  fermentable  sugar,  and  info  alizarin  and  otlier  colouring 
matters.     Synaptase  produces  a  similar  decomposition  of  rubian. 

The  preparation  of  rubian  in  a  state  of  purity  is  not  easy. 
Schunck  takes  advantage  of  its  tendency  to  contract  a  superficial 
combination  with  charcoal,  and  recommends  that  ground  madder 
be  digested  in  hot  water,  (i  lf>.  of  madder  to  a  gallon  of  water) ; 
that  tlie  undissolved  portion  be  strained  off,  and  that  to  each 
gallon  of  the  hot  liquid  an  ounce  of  bone  charcoal  be  ailded.  The 
mixture  after  brisk  agitation  is  to  lie  allowed  to  settle,  and  the 
charcoal  collected  on  a  filter  and  washed  with  cold  water,  until 
I  he  washings  no  longer  become  green  when  heated  with  hydro- 
chloric acid.     The  charcoal  while  iu  this   condition  is  saturated 
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with  ruliian  ;  it  i*  next  to  be  boiled  witli  alcohol,  and  this  trratmcTit 
is  to  be  repeated  so  long  as  fresh  alcohol  acquires  a  yellow  eolour 
when  boiled  with  the  chareoah  The  alcoholic  solutions  on  evapo- 
ration yield  rubian^  contammated  with  a  variable  amount  of  lime, 
and  with  a  green  colouring  matter:  this  colouring  mutter  raay, 
however^  be  got  rid  of  by  treating  a  solution  of  the  rubiiin  iu  water 
a  second  time  with  charcoal,  and  repeating  the  entire  process.  The 
alcoholic  solution  when  evaporated  leaves  the  rubiau  in  the  form 
of  a  brittle  transparent  mass  of  a  dark  yellow  colour,  resembling 
dried  gum  or  vai'oish.*  It  is  not  dcliquesceMt,  but  is  abundantly 
soluble  in  water,  less  freely  so  in  alcohol,  and  insoluble  in  ether. 
When  heated  to  about  266"  it  melts,  swells  up,  disengages  water, 
and  gives  otf  orange  vapours  of  alixarin^  leaving  a  bulky  carbo- 
naceous residue. 

Solutions  of  inibian  are  of  a  pale  yellow  colour ;  they  are  not 
precipitated  by  the  metallic  salts  generally,  hut  if  mixed  with  sub- 
acetate  of  lead  an  insoluble  compound  is  forme^h  Alkalies  change 
the  colour  of  a  solution  of  rubian  into  blood  red^  hut,  if  they  be  after- 
wards neutralized  by  the  addition  of  an  acid,  the  yellow  tint  is  re- 
stored ;  if,  howeverj  tlie  alkaline  liquid  be  boiled,  its  colour  changes 
to  purple,  and  on  the  addition  of  an  acid  red  flocciili  are  precipi- 
tated. Oil  of  vitriol  ibrms  a  blood-red  solution  with  rubiau.  Cold 
nitric  acid  has  little  action  u|x»a  rubiau,  but  when  heated  with  it, 
red  nitrous  fumes  are  evolved,  ^iid  aiisaric  (phthalic)  acid  {1331) 
is  found  in  the  liquid. 

If  a  solution  of  rubian  he  boiled  with  dilute  sulphuric  or 
liydrochloric  acid,  orange-coloured  flocculi  arc  precipitated,  and 
au  uucrystallizable  sugar  remains  in  tlie  liquid.  These  coloured 
tloeeiili  consist  of  aliziu^iii,  rubiauin,  and  two  resins.  For  the 
mode  of  separating  these  bodies  the  reader  is  referred  to  Schunck'a 
paper  [Phil,  Trans,  1851,  p.  445). 

Ruifianin  (O^JL^fl.^y?)  is  dejiosited  from  its  solution  in  boiling 
alcohol  iu  silky  leniou*ycllow  crystals,  which  are  soluble  iu  boiling 
water.      Oil  of  vitriol  dissolves   it   with    a   yellow  colour;  on  the 

♦  Eofhleder  »  ruberythrio  acid  waa  obtained  in  crystals  from  an  iofusion 
of  hieuIcUt  by  etspjiraling  the  alistftriQ  atid  other  colourintf  matters  Uy  means 
of  neutral  actitnl*.'  of  lend,  and  then  preeipitatiti}?  the  mbiaii  Nvith  suWci^ate 
of  lead,  decomposing  this  preeipitjite  witli  Hiilpkuri'tteii  liydro^ron,  niid  boilinj^ 
the  8uh)hido  of  lead  with  ateohol  (the  nihian  neeomimnies  the  sulphide  of  lead). 
The  rubiau  in  dissolved  by  tlie  aU-ohol  and  Is  to  be  eumbwMi  vvith  buryta, 
dissolved  in  dilute  aeetie  iieid.  re  preeipitattnl  by '^ul^^^'^f^."^"  ^^  l^'ad,  and  again 
treated  with  gu!phnretled  livdroi-en  after  the  lead  preeipitate  has  been  diflused 
through  aleuhoL  On  evaporation  of  the  alcoholte  ^olul  jou  rutK^rv  tbnc  acid  is 
left  iu  cry.^tals  (C;aH,oU,,  K).  Schuuck  eon^iden?  ihis  body  to  be  the  result 
of  the  Jecoaiposiiiou  of  rubian,  aud  not  rubiau  itst^li. 


-lt.UIDC]t — utGwoon, 


wi  hmt  to  tlus  Bdliitioa  it 
acid.     Nitric    acid 


becomes  blackened^  and 
disdolves    but    does   not 


?  Scbonck)  is  one  of  the  components  of 
assumes    the   form   of   beantifnl   orange 


madder;  it 

oolomred  tables,  or  of  brilliant  yellow  needles,  resembling  those  of 
iodide  of  lead.  It  is  sparingly  soluble  in  boiling  water,  but  is 
readily  dissolved  by  alcohol ;  it  may  with  ease  be  sublimed  un- 
altered. Rubiacin  is  a  compound  of  considerable  stability;  its 
solution  in  oil  of  vitriol  may  be  boiled  without  undergoing  decom- 
position. Hydrate  of  alumina  acquires  an  orange  tint  when 
digested  witli  jui  alcoholic  solution  of  rubiacin. 

When  rubiacin  is  dissolved  in  a  solution  of  perchloride  or  pcr- 
nitratc  of  iron  it  gives  a  brownish  red  liquid,  which  on  the  addi- 
tion of  an  acid  depositfis  fiocculi  of  rubiacic  acid  (HO,  Cj^Hs^ie?)- 
Tliis  body  is  dissolved  by  the  alkalies  with  a  purple  colour. 

For  further  details,  the  reader  is  referred  to  the  papers  of 
Schunck,  Licbig's  AnnaL  Ixvi.  175  :  Pint.  Traiw.  1851,  1853,  1855; 
and  of  Rochlcdcr,  lAchv^;'^  Anfiul,  Ixxx,  331,  Ixxxii.  205. 

(1276)  2.  Logwood. — This  valuable  dye-stuff  is  extensively 
employed  for  dyeing  black  with  alurn,  but  acids  change  the  colour  to 
red.  It  is  the  produce  of  the  Hmmutoxylon  Campechianum,  It  con- 
tains a  crystalline  matter  termed  hematoxylin  (CgjHj^Oi,,  %  Aq, 
and  6  Aq. ;  Gerhnrdt),  which,  however,  in  its  pure  state  is  not  red, 
but  straw-yelbw  or  honey-yellow.  Under  the  intiucnce  of  the  alka* 
lies  and  of  oxygen  it  assumes  an  intensely  red  colour.  In  order  to 
extract  hcematoxylin,  powdered  logwood  mixed  with  quartzose  sand 
(to  prevent  it  from  agglomerating  into  masses)  is  digested  for 
several  days  with  five  or  six  times  its  volume  of  ether.  The 
liquid  is  distilled  until  it  ac<|uires  the  consistence  of  syrup  ;  it  is 
then  to  be  mixed  with  water,  and  ^et  aside  in  a  vessel  loosely 
covered.  In  the  course  of  a  few  days  the  hsematoxyHn  is  deposited 
in  crystals.  Logwood  thus  trented  yields  from  one-eighth  to  one- 
tenth  of  its  weight  of  tiiis  substance. 

The  crystals  of  hiematoxylin  are  transparent,  and  consist  of 
long,  yellow,  brilliant  four-sided  ticedles  :  tliese  crystals  contain 
fix  equivalents  of  water,  which  they  lose  at  2 1 2°.  If  a  solution  of 
tomatoxyiin  saturated  at  the  boiliug  point  lie  allowed  to  cool  in  a 
dosed  vessel,  granular  crystals  with  2  Aq,  are  deposited.  Ha*ma- 
li»4^yliu  has  a  sweet  taste,  free  from  astriiigeuey,  like  that  of 
)i(|MCkrice.  It  is  sparingly  soluble  in  cold  water,  but  freely  so  in 
>uij  water.  Ether  and  alcohol  dissolve  it  freely. 
%>oluUon  of  acetate  of  lead  gives  in  one  of  hiematoxylin  a  white 
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precipitate,  which  speedily  becomes  blue ;  salts  of  copper  give  a 
dirty  green  precipitate,  which  also  quickly  becomes  blue ;  chloride 
of  barium  occasions  a  red  precipitate ;  protocliloride  of  tin  gives 
a  rose-coloured  lake,  and  iron  alum  a  scanty  blackish  violet 
precipitate ;  ordinary  alum  gives  a  red  solution,  but  does  not  occa- 
sion any  precipitate. 

Sulphuric  and  hydrochloric  acids  have  but  little  cfToct  upon 
hsematoxylin,  but  dilute  nitric  acid  colours  it  red.  Concentrated 
nitric  acid  converts  it  into  oxalic  acid. 

Solution  of  potash  communicates  a  violet  tint  to  one  of  hrcma- 
toxylin,  and  if  the  air  have  access  to  the  solution,  it  becomes  first 
blue  and  then  brown,  whilst  oxygen  is  absorbed.  Solutions  of 
haematoxylin  are  not  altered  by  exposure  to  the  air,  but  if  ammonia 
be  present  oxygen  is  absorl>ed,  and  a  purple  liquid  is  formed, 
which  contains  hsemateate  of  ammonia : — 

Hematozjlin.  H«mat^ftte  of  Ammnnia. 

C32Hi40xa  +  Oa  -h  2  IlgN  =  2  IIO  +  Hl^N,  Cjgll^A^ 

The  ammonia  may  be  removed  from  this  compound  by  means 
of  acetic  acid,  when  the  htematein  (C32II12O12)  is  precipitated  in 
voluminous  red  flocculi,  resembling  hydrated  peroxide  of  iron. 
Hsematein  is  sparingly  soluble  in  cold  water,  but  is  more  readily 
soluble  in  boiling  water,  and  the  solution  on  evaporation  yields  a 
confused  mass  of  green  crystals  with  a  metallic  lustre.  Sul- 
phuretted hydrogen  deprives  hsematein  of  its  colour,  but  does  not 
reconvert  it  into  hsematoxylin  (Gerhardt). 

Potash  dissolves  hsematein  with  a  blue  colour,  which  becomes 
brown  when  exposed  to  the  air.  Its  ammoniacal  solution  is  of  a 
fine  purple,  which  also  becomes  brown  on  exposure.  Hajmateate 
of  ammonia  yields  coloured  precipitates  with  many  metallic  salts ; 
with  acetate  of  lead  it  gives  a  deep  blue,  with  sulphate  of  copper 
a  violet  blue,  with  protocliloride  of  tin  a  violet,  and  with  iron 
alum  a  black  precipitate. 

(1277)  3.  Brazil-wood  is  the  produce  of  the  desalpinia 
Brazilienns,  It  yields  by  treatment  with  alcohol  yellow  or  orange 
crystals  of  brezilin,  which  are  likewise  soluble  in  water  and  ether. 
Acids,  especially  the  citric,  give  it  a  bright  yellow  colour ;  with  alka- 
lies it  gives  a  violet  or  purple  colour :  hence  it  is  sometimes  used  as 
a  test  of  their  presence  in  a  free  state.  Brezilin  forms,  in  com- 
bination with  alumina,  the  basis  of  red  ink.  Like  heematoxylin,  it 
is  bleached  by  nascent  hydrogen  and  by  sulphuretted  hydrogen, 
Sapan-wood  and  camwood  are  stated  to  yield  the  same  colouring 
principle  as  Brazil  wood. 
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Sandal  wood,  alkam^t  rootf  and  some  other  siiljstances  al^ 
afford  red  dyes,  but  in  general  the  vegetable  red  colours  are 
fugitive.     The  colouring  matter  of  alkanet  is  soluble  in  oils. 

(1278)  4.  Safflower  is  obtained  from  the  petals  of  the  Car- 
thnmiis  tinctfmtis.  These  petals  eontain  two  colouring  principles, 
one  of  which  is  ycHow  and  soluble  in  water,  but  is  of  no  value  to  j 
the  dyer ;  it  is  a  weak  acid,  of  a  bitter  ta^^te.  If  an  infusion  of 
safflower  be  mixetl  with  an  acetic  solution  of  acetate  of  lead,  a 
soluble  yellow  salt  of  lead  is  formed,  which  on  the  addition  of 
aniraonia  is  precipitated  in  dark  yellow  Hocculi. 

Tlie  really  valuable  colouring  principle  of  the  saflSower  is  red, 
and  is  employed  for  artists  for  jnuk  saucers,  and  for  imparting  a 
beautiful  and  brilliant  rose-red  to  silk  j  but  it  fades  quickly  when 
exposed  to  the  smi's  light.  ' 

Carlhamin  (^.(11^,0,  J,  as  this  substance  is  termed,  is  insoluble 
in   water  aud  in  acids,   but  is    easily  dissolved   by    the  alkalies ; 
on  adding    an  acid  to  the  solution  it  is  again  precipitated :  it  is  I 
also  s^jluljle  in  aleoliol.     Carthamin  may  be  obtained  by  digesting 
safflower  in  weak  acetic  acid,  in  order  to  remove  the  yellow  dye- 
stuff;  the  washed  dye  is  next  digested  in  a  solution  of  carbonate 
of  soda ;  a  skein  of  cotton  is  then  placed  in  the  litpiid,  and  lemon- 1 
juice,  or  a  solution  of  citric  acid,  is  added.      The  cotton  yarn  roe- 
ehauically  removes   the   flocculcnt  precipitate    of  carthamin  from  | 
the  liquid  ;  the  yarn  must  be  washed  with  cold  water,  tlie  colour- 
ing matter  again  dissolved  by  Ciu-bonate  of  soda,  and  reprecipitated 
by  the   addition   of  citric   acid.      Cartliamin    when   dry   is   a  red 
pulverulent    substance;  it   lias  a   greenish    metallic  lustre    wheni 
viewed   in  mass,    but  in  thin   layers  it  is  of  a   beautiful  purplish 
red.     Its  solutions  in  alkalies  gradually  absorb  oxygen  and  become | 
altered. 

(1279)  5.  Caemixe  is  contained  in  the  Coccm  cacti,  being  the 
colouring    matter    of  the    cochineal.       After    treating  the    pow«l 
dered    insects    with    ether    to    remove    the     fat,    the     insoluble 
portion  is  digested   in    water,   and,  on  adding  acetate  of  lead,  a , 
lead  lake  is  precipitated  of  a  purple  colour.     This  must  be  well  I 
washed,   dccom|KJsed  by   sulplmretted  hydrogeu,   and  the   filtered  j 
solution    evaporated    to    dryness   in  vacuo   over    sulphuric    acid. 
De  la  Rue  finds  the  colouring  matter  of  the  cochineal  thus  obtained 
to   be   an  acid    body,  which  he  terms   carminic  acid  (C^H|^Oi«). 
It  is  a  purple  brown,    friable  mass,    soluble    in  all   proportions ^ 
in   alcohol  and  in  water,   but  very  slightly    soluble   in  ether)  H 

aay  be  dissolved  unchanged  '"  fttrone  ^   '  ~      * '  and  hydrochloric 
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acids.  Nitric  add  even  if  dilute  decoiti poses  it ;  cldorinc,  iofliiie, 
and  bromine,  also  decompose  it,  aod  change  its  coloar  to  yellow. 
The  fixed  alkalies  ehange  the  colour  of  the  aqiieoiLs  solution  to 
purple  :  the  alkaline  earths  give  purple  precipitates ;  with  alum 
no  lake  is  produced  till  ammonia  is  added^  when  it  falls  as  a 
beautiful  crimson  precipitate.  The  lakes,  with  acetate  of  lead, 
and  with  salts  of  copper^  zinc,  and  silver,  are  purple  ;  with  salts 
of  tin  a  bright  crimson  soliuion  is  obtained. 

\Vhen  carminic  acid  is  treated  with  dilute  nitric  acid  it  yields 
an  acid  of  a  yellow  colour,  which  crystallizes  in  rhombic  plates  ; 
it  is  vcr^^  soluble  in  boiling  water,  in  alcohol,  and  in  ether.  It 
is  termed  uifrococeiissic  acid  (2  HO,  Cj^|H.^(NOJ.yO,  2  Aq),  and  is 
isomeiic  with  trimtranisie  acid*  It  deflagrates  strongly  when  heated. 
Its  salts  are  soluble  in  water,  and  most  of  them  are  also  dissolved 
by  alcohol.  Coelnneal  is  extensively  employed,  in  combiuatiou 
with  oxide  of  tin,  as  a  scarlet  dye  for  cloth. 

6.  Lac  Dve  is  vexy  similar  to  cochineal  in  its  natm*e,  being 
also  furnished  by  a  species  of  coccus.  Of  late  years  this  dve- 
stoff  has  been  extensively  substituted  for  the  more  costly  cochiueal, 
and  it  furnishes  scarlets  equally  vi^id,  and  even  more  permanent, 
but  the  pinks  ai'e  not  so  good.  In  tlyeiug  scarlets  the  liquid 
employed  for  dissolving  the  colouring  matter  is  a  solution  of  tin 
in  concentrated  hydrochloric  acid,  20  lb.  of  acid  being  required  for 
each  pound  of  tin  ;  the  dye-stuff  is  digested  in  an  equal  weight  of 
this  liquid,  and  the  cloth,  after  being  cleansed  by  boiling  with  fuller's 
earth,  is  introduced  into  a  bath  coutaining  a  mordani  comi>osed  of 
a  solution  of  protochloride  of  tin,  prepared  by  gradually  dissolving 
41b.  of  tin  in  a  mixture  of  27  lb.  of  hydrochloric  acid,  and  li  lb, 
of  nitric  acid  (sp,  gr.  1*19).  In  order  to  dye  100  lb.  of  cloth,  the 
following  process,  according  to  Ure,  is  adopted  :- — 300  gallons  of 
water  are  raised  to  150°  in  a  tin  boiler,  and  ij  lb.  of  scdution  of 
tin  mordant  and  a  handful  of  bran  are  added  ;  wlicn  the  liqtior 
boils  it  is  skimmed,  and  loi  lb.  of  lac  dye  previously  dissolved 
in  the  acid,  and  23 i  lb.  of  mordant,  arc  introduced;  immediately 
after  which  10^  lb.  of  bi tartrate  of  potash,  and  4  lb.  of  ground 
snmacb  are  suspended  in  a  bug  in  the  bath  for  five  minutes,  and 
then  withdrawn  ;  the  fire  is  now  extiugui^shcd,  and  20  gallons  of 
cold  water  containing  10  lb.  of  tin  mordant  are  added,  after  which 
the  cloth  is  introduced ;  the  liquid  is  then  boiled  for  an  hour,  and 
at  the  end  of  that  time  the  cloth  is  withdrawn  and  well  rinsed. 

(1 280)  7.  Extract  of  Aloes. — This  substance  may,  by  the  action 
of  nitric  acid,  be  made  to  yield  various  compounds,  wluch  admit 
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of  being  fixe*!  by  means  of  mordants  upon  silken  and  woollen 
fabrics,  to  which  they  inipai-t  dyes  of  gi*eat  durability  and  beauty. 
Extract  of  aloes  contains  a  compound  which  is  soluble  both  in 
water  and  in  alcohol,  termed  ahin  ;  when  expi:»scd  to  the  air  it 
absorbs  oxygen,  and  becomes  of  an  intense  red  colour. 

Aioin  (C\t^Il|j^O,^!  Stenhunse). — In  order  to  extnict  this  sub- 
stance, powdered  Barbadoes  aloes^  mixed  with  sand  to  prevent  the 
particles  from  aggloraei"ating,  are  treated  with  oold  water  j  the 
dark  litiuid  thus  obtained,  if  evaixirated  in  vacuo  to  the  consistence 
of  syrup,  and  left  for  a  few  dajs  in  a  cool  place,  deposits  gmuular 
crystals,  which  ai'e  more  or  less  deeply  coloured  :  these  must  be 
presse<l  between  folds  of  blotti ug  paper,  and  recrystallized  from 
water,  the  teinperaturc  of  whicli  is  not  to  exceed  150^,  Aloin  may 
also  Ije  obtained  in  crystals  from  a  warm  alcoholic  solution,  in  groups 
of  pale  yellow  needles*  Cape  aloes  and  Socotrine  aloes  also  con- 
tain aloin,  but  it  is  accompanied  by  a  large  proportion  of  foi'cign 
ruattei*s,  %vhich  interfere  with  its  crystallization,  Aloin  is  a 
neutral  sulistance,  with  a  sweet isli^  iutenscly  bitter,  persistent  taate. 
It  constitutes  the  purgative  ingredteut  in  aloes.  At  a  tempe- 
rature of  2 1  z*^  it  IB  rapidly  altered  ;  at  300*^  it  melts,  and  if  heated 
strongly  in  the  open  an*  it  burns  with  a  smoky  flame.  The  alkalies, 
both  caustic  and  carbonated,  dissobe  it  re^idily,  forming  orange- 
coloured  solutions. 

When  extract  of  aloes  is  treat wl  with  niti'ic  acid  it  yields 
Chrtjsanimic  acid  (HO,  Ci  JI (NOJ^O^?) ,  This  compound  is  obtained 
by  treating  extract  of  aloes  for  some  days  with  8  times  its  weight 
of  nitric  acid  (ep.  gn  137),  diatilUng  ofi'  the  greater  part  of  the 
acid,  and  then  addiug  water;  cbrysammic  acid  is  precipitated.  It  is 
nearly  insoluble  in  water,  but  soluble  in  alcohol  and  in  ether,  from 
which  it  may  be  obtained  in  golden  yellow  plates;  on  the  appii- 
catiou  of  heat  it  is  decomposed  with  explosion.  Its  salts  are 
soluble  in  hot  water  and  form  deep  red  solutions ;  most  of  them 
may  be  crystallized,  and  the  crystals  exiiibit  a  metallic  lustre. 
Ammonia  dissolves  the  acid  with  the  formation  of  a  beautiful 
purple-coloured  solution,  from  which,  on  the  addition  of  a  neutral 
sfdt,  such  as  nitrate  of  potash,  an  amidated  compound  is  deposited 
in  brill iaut  dark  green  needles,  which  exert  a  polarizing  action 
upon  light  which  is  transmitted  through  them. 

Scbunck  finds  other  acids  in  the  mother  liquor  from  which 
the  chrysammic  acid  has  been  separated  ;  one  of  these,  termed 
ch^i/soiepic  acid^  appears  to  be  identical  with  carbazotic  acid  ;  two 
other  resinoid  acids,   the  ahviic  (HO,  Cj^ILtNOJ^O,  Aq  ?J,  and 
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ahiTifntir,  are  also  formed  at   tlio  same  time ;  tlu»y  huvr  iin  in- 
tensely  bitter  taste,  and  form  nxi  salts. 

^1281'.  BLrE  Dyes. — i.  Ini>i(so. — The  most  importmit  oftlio 
blue  eolouring  matters,  and  the  one  which  has  been  iuohI  mruriitely 
studied,  is  indigo,  whieh  is  chiefly  obtaiiUMl  fixnn  tlu*  h^nvm  of 
various  species  of  the //ii/r^q/*era.  Crude  indigo  (*oiitainH  u  (h*fiiii(o 
colouring  material,  termed  indipotin,  or  indigo  blue,  from  which 
numerous  derivatives  belonging  to  the  indigo  Keries  linve  Ihn'ii 
obtained.  Such  of  them  as  contain  nitrogen  hav(^  hiilierio  b(*(Mi 
procured  from  natural  indigo  only,  but  by  the  metamorphoNiN  of 
these  azotizcd  compounds,  I)odies  of  a  less  eomplieateil  onivr  havu 
Ijcen  obtained,  many  of  which  lx?long  to  the  Kalicylic,  the;  kinic% 
and  the  phenic  groups.  Tlie  following  arc  the  most  ini|K)rtani 
of  the  immediate  derivatives  of  indigo :  if  indigo  blu(^  Iw  denerilMMl 
under  the  term  indyi,  their  relations  to  it  will  then  he  n*pr(i- 
sented  by  the  formulse  of  the  fourth  column  : — 

Indiuo-blue  .     .     .    Ci.U^NOj  =  Indyl     .     .     .     .     Tii 

White  Indigo    .     .     Ci,H«NO,  =  Ilydridp  of  Indyl     In.  11 

Isatin       ....     C„HjNO^  =  Oxide  of  Imlyl         In.  ()- 

Isaticacid    .      HO,  CijO.NO^  =  IK),  InO, 

Ta«fK«^  r  TT  vo  —  i  Oxido  of  Indyl   /  In  {  .. 

Isathyd    ....     C,.H,NO,  _        andofl.ydpo«rn  (  II  T^^- 


PolyiniTidc  of    )  ■ 
indyl  (  '"' 


Indin CjoHioNjO,    = 

Hydrindin    .     .     ,  CjJI^i'N.^O^    =     llydridc*  of  Indin  '  In,,  II 

(1282)  Condition  of  Indigo  in  i/ie  Plant, — Indigo  Im  extrnrfi'd 
from  the  leaves  of  a  variety  of  plants,  princrlpally  thi!  pnHlii(;e  of 
India  and  America:  it  is  cs|)ccially  obtuinrd  from  the  varionn 
kinds  of  Indigoftra.  The  produce  of  the  Indignfira  anil  wum 
particvdarly  examined  by  Clicvreul  :  thc!  hatin  iiartoria,  or 
common  woad,  and  several  other  [ilants,  aUo  yield  indigo  in  nniall 
quantity,  and  it  has  been  stated  to  o(;(Mir  o(!ra- ion  ally  in  the 
milk  of  cows,  and  in  human  urine;  so  tliat  indi^'o  rnay  be  pro* 
duced  under  circumstances  apparently  wirlely  di(r«'n-nf. 

The  blue  colouring  matter  of  indigo  is  not  ^olnf/Ie  in  ^$tUr 
or  in  alkaline  leys,  but  by  treatriunt  with  d<o..idi/jng  $i{it'ui', 
in  contact  with  water,  it  may  Ix;  madr;  to  coinMiin:  with  an  iid'li. 
tional  efjuivalent  of  hydro;:*ii,  and  produr^e  a  whiU;  mil/Hfanr^', 
termed  reducfid  indigo,  which  i-.  aj-o  \U'ji>\u\f\t:  in  waUrr,  but  tn 
soluble  in  alkaline  leyn,  \V{.r  r:  an  nlksflihc  PolnUon  of  i\ii% 
reduced  indigo  is  e\[yr-':d  to  th':  air  it  ab*//r^/*t  oxyjr^m,  httfl  in 
cofnrerted  into  L.di^o  bi.ie,  whicli   i^  \tnu:\i*x\uA  .u  th^j  i/,«//r,U/; 
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it  is  to  avoid  the  xkBe  of  boiling  water  in  the  preparation 
of  indigo  on  the  large  scale.  Solutions  of  indican  whieli 
have  licen  mi?ced  with  alkalies,  and  then  boiled  with  Hcitls,  yield 
no  indigo  blue,  but  a  mixture  uf  this  hutnns-like  body  and 
resin. 

Extraction  of  ladhjo. — If  the  dried  leaves  of  the  Indigofera 
be  digested  in  cold  water  for  some  honrs,  a  green  solution  is 
ohtainedj  which  when  exposed  to  the  air  undergoei?  ferraentatioUj 
diiriug  wliii'h  indigo  is  separated  in  the  form  of  a  blue  sediment. 
The  mode  of  preparing  indigo,  usually  adopted  in  the  East  Indies, 
is  stated  to  be  the  tbUowing : — the  green  plants,  cut  at  the 
flowering  time,  are  placed  in  wooden  troughs  and  covered  with 
water  ;  after  the  lapse  of  a  fe^v  hours  a  sort  of  ferjueutatiou  takes 
place  in  the  mixture,  ammonia  and  carbonic  acid  are  disengaged, 
and  the  liquid  in  the  troughs  becomes  covered  with  a  blue  iridescent 
film.  The  liquid  is  at  tin*  stage  drawn  off  into  other  troughs, 
where  a  small  quantity  of  lime  is  added,  and,  on  briskly  agitating 
the  mixture^  the  pigment  separates  as  a  deep  blue  granular 
powder.  This  is  drained  on  calico,  pressed,  cut  into  cakes,  aud 
dried. 

The  indigo  of  commerce  is  by  no  means  a  homogeneous  body. 
Its  most  important  constituent  is  indigotin,  or  indigo  blue,  but 
it  contains  several  other  substances,  and  in  particulai"  two  bodies, 
known  as  buUgo  brown  and  indigo  red.  The  brown  coloimug 
matter  is  soluble  in  potash :  the  indtgo  red  may  be  extracted  by 
means  of  bt>iliug  alcohol. 

(1283)  Indigo  t/ine  or  ladigot in  (Cj^jII-NO^)  may  be  separated 
from  these  impurities  by  the  process  of  sublimation.  If  a 
small  quantity  of  indigo  be  heated  between  two  watch-glasses 
BO  as  to  protect  it  from  the  air,  a  considerable  proportion  of  it  is 
decomposed,  but  a  portion  becomes  condensed  in  light  copper- 
coloured  six-sided  crystals  upon  the  surface  of  the  mass  operated 
on.  Ptu*e  indigo  blue  is^  liowevcr,  obtained  more  abundantly 
by  the  following  plan: — 4  ounces  of  commercial  indigo  in  fite 
I>owder,  and  4  ounces  of  grape  sugar,  arc  placed  iu  a  flask 
capable  of  containing  10  pints  of  liquid  ;  6  ounces  of  a  saturated 
solution  of  caustic  soda  are  then  added,  and  tlie  flask  is  filled  up 
with  boiling  alcohol  j  it  is  then  closed  so  as  to  prevent  tlie  access 
of  air,  aud  the  mixtui^c  after  agitation  is  set  aside.  In  a  few  hours 
it  becomes  clear;  the  yellowish  red  solution  is  then  drawn  off  with 
a  syphon,  and  if  left  exposed  in  open  vessels  it  rapidly  absorbs 
oxygen,  becomes  brown,  and  depoj^its  crystals,  which  alter  being 
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treated  first  with  alcohol^  aiid  then  witb  hot  water,  and  dried, 
foiin  perfectly  pure  indigo  blue.  Good  iodigo  yiekls  nearly  haJf 
its  weight  of  crystallized  indigo  blue  (Fritsche), 

lodigotin   fuses   at  about  ^5^°*  ^^^^  furnishes  purple  vapours.^! 
Amongst  the  products  of  its  destructive   distillation   are  hydro^^f 
cyauate  and  carbonate  of  ammonia,  aniline,  and  a  peculiar  empy- 
reuniatic  oil    Indigo  blue  i»  metameric  with  cyanide  of  bens&oyL    It 
is  insoluble  in  water,  alcohol,  ether,  the  fixed  and  volatile  oils,  as 
well  as  in  dihite  acidj>  and  alkalies. 

(1284)  Compounds  of  hnUgo  with  Sidphitric  Acid. — Sulphuric 
acid  appears  to  form  several  eomponnds  with  indigo ;  two  of  then 
have  been  analysed,  viz,,  the  sitlphindyUc^  or  snlphindfgoiic  acidJI 
and  the  sa!phopurptmi\  or  sulphophenicic  acid ;  a  third  acid,  the 
hj/posidphindiffolic,  appears  also  to  be  produced  along  with  the 
foregoing  nc'iih. 

Sufphindifiic  Acid  (HO,  CiflH^NO,  S^O^). — When  commereial 
indigo  is  triturated  with  6  times  its  weight  of  fuming  sulphuric 
acid,  considerable  heat  is  developed,  and  a  blue  solution  is  formed, 
which  is  extensively   used  for  dyeing  cloth,   under  the   name  of 
Saxony  blue.      Ordinary  oil  of  \itriol   may  also   be  employed  to 
dissolve  indigo,  but  more  than  double  tlie  quantity  of  such  acid  is 
required,  and  it  must  be  heated  to  130^  or  140^*      If  a  sufficient, 
amount  of  acid  be  employed,  almost  the  whole  of  the  indigo  maj 
be  di:^solvcd,  and  if  the  liquid  be  allowed  to  stand  for  a  few  houraj 
it  will  remain  clear  on  being  diluted.    The  filtered  liquid  contains  1 
mixture   of  sulphindylic   and   hyposul()hiudigotic   acids.       If   the 
original  acid  liquid   be  diluted  with  from  tbirty  to  fifty  times  its 
bulk    of  water,    and    flannel    which   has  been    waslied  with    soap 
and  carlx>nate  of  soda,  and  then  with  water,  be  immersed  in  thej 
liqnid,   the  indigo   acids  will    attach    themselves    to    the    flannel, 
leaving  the  excess  of  sulphuric   acid   in  the  mother  liquor.      The 
colouring   matter  may  be  entirely  removed   from   the  flannel  byj 
digesting  it  in  a  dilute  solution  of  carbonate  of  ammonia:  a  deep} 
blue  liquid   is  thus   obtained,  wbicli,  when  evaporated  to  dryneistsj 
and    treated    with  alcohol,    is    separated     into    sulphindylate    of 
ammonia,  which  is  insohible,  and  hyposulphindtgotate  of  ammonia, 
which  is  dissolved  by  the  alcohol. 

Sidpkindtjlaie  of  potash  (KO,  CjaH^NO,  S^O^)  is  sparingly 
Boluble  in  cold  water,  and  is  precipitated  in  floccidi,  when  acetate 
of  potash  is  added  to  a  crude  solution  of  iudigo  in  sulphuric  acid, 
nfter  dilution  with  10  parts  of  water.  The  Bulphindylates  form 
blue  solutions,  which  appear  red  wlien  held  between  the  eye  and 
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the  sun.  These  solutions  are  rendered  colourless  by  the  action  of 
reducing  agents,  but  regain  their  blue  colour  by  exposure  to 
the  air, 

Sulphopurpuric  Acid  {x  CieH^NO,,  ?»JQ%  =  HO,  CaJI^NAi 

S-^OJ. — Tliii?  constitutes  the  greater  part  of  the  insoluble  residue 
wliich  is  left  upon  the  filter  when  indigo  is  treated  with  a  propor- 
tion of  sulphuric  acid  too  small  to  dissolve  it  wholly.  It  is 
insoluble  in  liquid^s  containing  free  acid;  but  it  forms  a  blue 
solution  in  pure  water.  When  acetate  of  potash  is  added  to  this 
liquid  it  gives  a  piu*ple  precipitate  of  sulphopnrpnrate  of  potash. 

(12H5)  Reduced  IfifH(/oJVkiie  Indigo,  or  Indtgo(}en  (CjftH,jNOy), 
When  Iduc  indigo  is  treutod  with  deoxidizing  agents,  sucli  as  a 
mixture  of  protosulphate  of  iron  and  potash,  a  yellow  solution  is 
formed,  containing  reduced  indigo,  a  compound  in  which  1  cqui- 
vaJent  more  of  hydrogen  is  present  than  in  blue  indigo.  On 
neutralizing  the  alkaline  liquid  by  acetic  acid,  the  reduced  indigo 
falls  in  dirty  white  flocculi,  which  are  insoluble  in  water,  but 
slightly  soluble  in  alcohol  and  in  ether;  even  wlien  dry  they 
gradually  absorb  oxygen  from  the  air,  but  the  absorption  is  much 
more  rapid  when  moist,  water  and  indigo  blue  being  reproduced. 
The  dilute  acids  are  without  effect  u|>on  reduced  indigo  ]  but 
fuming  snlphuric  acid  dissolves  it,  forming  a  deep  purple  liquid  ; 
if  diluted  with  water  it  becomes  blue,  and  is  converted  into  sul- 
pi  I  in  dy  lie  acid.  The  alkabnc  solutions  of  reduced  indigo  are 
precipitated  by  many  of  the  solutions  of  the  metals,  and  the  com- 
pounds thus  formed  speedily  become  blue  by  exposure  to  the  air. 

The  reduction  of  indigo  from  the  blue  to  the  white  form  may 
be  effected  hy  several  processes  : — 

1.  By  means  of  sugar,  on  Fritscbc*s  plan,  which  has  been 
already  descrilx^d  (1283). 

2.  By  the  action  of  a  mixture  of  protosulphate  of  iron  and  some 
alkali.  Advantage  is  taken  of  this  in  the  prcpamtion  of  the 
indigo  hath  for  dyeing  purposes.  The  copperas  vat^  as  it  is 
termed,  is  employed  in  dyeing  cottons  and  linen  goods.  The 
proportions  to  be  used  will  vary  with  the  quality  of  the  indigo, 
but  for  laboratory  pui'i>ose8  the  following  ingredients  may  he  em- 
ployed ; — I  part  of  povi'dercd  indigo,  2  of  sulphate  of  ii-on,  3  of 
slaked  lime,  aiul  150  or  200  of  water.  The  reaction  is  somewhat 
complicated ;  the  lime  acting  on  the  sulphate  of  iron  sets  free 
hydrated  protoxide  of  iron,  and  this  oxide  in  the  presence  of  water 
takes  up  an  additional  quantity  of  oxygen,  becoming  converted 
into  the  hydi-atcd  peroxide,  win  1st  the  liberated  hydrogen  miites 

M    AJ   2 


s(KO,SO»  ^x  fCMi^BO^ti 


+  3^M>,S(\) 


s{Frf>,HO)  +  HO  ^^  CapH^XQ^  =  Fcfl!^  2 BO  ^  C^^H^^ 


IfpBWt 


>wfyi 


5.  Bf  neu*  of  mfimmi  «■!  pniocUonAe  of  tin, 

fiaoe  rf  dbe  fraioidlpktfe  of  ] 
iMlettd  of  lime  water  a»  the  t 
4-  Braoai  of 

niad  far  dyemg  jvntfif  ^>^  *^  prefiared  lijr  iomc  iwuMtw  Imeig  tn  < 
the  Mlomig  mottoer  r^ — 4  puts  of  tattij  fKiwdered  indigo.  50  of ' 
woaAf  2  of  madder,  and  2  of  carlionate  of  potash,  are  mixed  witb 
20CX)  of  water,  and  tlie  msxtnre  is  kept  for  lomo  liour^  at  a  tern- 
perstitre  of  abottt  194*";  i^  part  of  recently  slaked  lime  is  theii 
added  id  imaU  qaamiuet  at  a  time,  after  wliidi  fermentatioii  oom^ 
meoees ;  formic,  acetic,  and  carbooic  acids  are  formed^  as  well  as 
ammonia.  The  lime  reduces  the  caihonate  of  potash  to  the 
caustic  state,  and  enables  it  to  dissolre  the  indigo  which  has  been 
reduced  during  fermentation  by  the  decompositioQ  of  the  Tegetabic 
matter.  The  addition  of  the  lime  is  attended  with  the  further 
advantage  of  precipitating  a  portion  of  brown  colouring  matter 
tltat  would  otherwise  deaden  tlie  tint  of  the  goods.  The  foam  or 
flower  of  the  vat  has  a  beautiful  blue  iridescent  appearance 
cuuited  by  reoxidation  of  the  indigo  at  the  surface,  but  the  liquid 
Ijcneath  is  of  a  deep  yellow  colour ;  by  ex}x>suTe  to  air  it  becomes 
greeu  uud  finally  deposits  blue  indigo*  To  prevent  this  reoxidation 
the  vat«  arc  kept  covered  wlien  uot  in  actual  use;  and  fresh  materials 
are  added  frora  time  to  time  in  order  to  maintain  the  liquor  at  a 
ufiiforui  ►■iren^tli. 

Ntairli,  *iugiirj  brau,  and  other  vegetable  matters  may  be  sub- 


ASSAY    OF    INDlf^O. 


533 


stituted  for  tlie  madder  atul  tke  wosid  in  the  indigo  vat.  These 
substances  undergo  fermentation,  and  act  as  deoxidizing  j^ents; 
probably  la<*tic  and  bntyric  acids  are  generated,  and  the  indigo 
is  reduced  by  the  hydrogen,  whUc  the  latter  is  in  the  act  of  being 
liberated. 

(iz86)  Assay  of  Indigo.— The  quality  of  comincrnial  indigo 
varies  greatly;  the  purest  speciiuens^  usually  occur  in  small  masses 
of  an  intense  violet-blue  ct^lour,  which  by  friction  witli  a  hard 
smooth  body  acquire  a  coppery  lustre.  The  best  kinds  are  sutli- 
cientiy  light  to  float  upon  water,  and  when  broken  they  do  not  con- 
tain cavities  which  exhibit  brown  or  wliitish  veins.  Indigo  is,  how- 
ever^ frc(iucntly  adulterated  with  sand,  with  starchy  and  sometimes, 
it  is  said,  with  powdered  lead.  Good  indigo  sliould  not  leave  more 
than  from  5  to  8  per  cent,  of  asbj  calculated  upon  the  dried  mass ; 
during  drying  it  lo^^es  from  5  to  8  per  cent,  of  water.  Starch  may 
be  detected  by  treating  t!ie  indigo  with  boding  water  very  faintly 
aikallzed,  and,  after  nentralizing  the  filtrate,  testing  it  with  iodine, 

A  simple  method  of  determining  the  relative  value  of  any 
sample  of  indigo^  Las  been  proposed  by  Bollcy,  who  estimates  its 
tinctorial  power  by  measuring  the  amount  of  a  standard  solution 
of  chlorate  of  potash,  which  is  required  to  destroy  the  blue  colour 
of  a  given  sample : — 10  grains  of  the  indigo  for  assay  are  reduced 
to  a  very  fine  powder,  and  triturated  with  2  fluid  drachms  of 
fuming  sulphuric  acid  ;  the  mixture  is  allowed  to  digest  for  twelve 
hours  in  a  closed  vessel  with  occasional  agitation.  The  indigo 
must  be  completely  dissolved  before  the  next  part  of  the  process  is 
commenced.  As  soon  as  the  solution  is  effected,  the  liquid  is  to 
be  ponred  into  a  capsule  with  about  a  pint  of  w^ater,  containing 
an  ounce  of  pure  hydrochloric  acid,  and  the  mhxtare  is  brouglit  to 
tliC  l>oirmg  point.  A  solution  of  chlorate  of  pota^^h  containing 
2  "5  grains  of  the  salt  in  1000  grains  of  water,  is  then  to  be  added 
from  an  ordinary  alkali  meter,  drop  by  drop  to  the  boiling  liijuid  ;  the 
blue  colour  first  becomes  green,  then  greenish-brown,  and  when 
the  last  tinge  of  green  disappears  and  has  been  replaced  by  a 
reddish-brown,  the  operation  is  complete.  The  number  of  divi- 
sions of  tlie  liquid  required  does  liot  indicate  tlie  percentage  of 
indigo  blue,  but  simply  the  relative  value  of  the  different  samples 
compared  togetlicr. 

l^enny  substitutes  bichromate  of  potash  for  the  chlorate  ;  100 
parts  of  pore  indigo  bine  requirijig  exactly  75  of  the  bichromate  for 
ck'coloration :  by  this  means  an  exact  determination  of  the  amount 
of  indigo  blue  may  be  cfiectetL 
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(1287)  Products  of  (he  oxidation   of  Indigo. — The  acScrn  of 
oxidizing  jigents  upon  indigo  gives  rise  to  several  interesting  pro-- 
ducts.      Concentrated    chroinie    acid    breaks   up   the   constituent 
molecule  of  indigo,  and  accxisions  a  copious  disengagement  of  car^ 
bonie  acid  ;  b\it   if  a  more  dilute   solutiou   of  chromic   acid 
employed,  the  indigo  is  converted  into  uaihi :  a  similar  change ; 
effected  by  the  aetion  of  dilute  nitric  acid  : — 

Indigo  Bla«.  I«ftt1ii, 


CILNO, 


CiJIsNO,. 


4 


The  oxidiaing  action   proceeds   further  if  the  indigo   be   treat 
with  nitric  acid  in  a  more  concentrated  form ;  thus,  if  indigo  be 
boiled    Tft4th   fuming   nitric    acid     diluted     with    10   or    12   part  " 
of  water,    indigoticj    or    nitro-salicyhc    acid    is     formed    (HOj 
CiiH^,N04,05;   1233);   and  by  a  prolonged   action  of  the  nitr 
acid,    carbazotic   acid  (HO,   Cj^lLlNO^)  ,0 ;    1526)    is   produced; 
both  these  compounds  eoutain   leas   carbon    than   the  true  indigc 
group^  and  this  carbon  is  probably  gtcparated  in  the  form  of  car^ 
bonie  or  of  oxalic  aeid. 

The  oxidixing  effect  of  hydrate  of  potash  upon  indigo  is  some- 
what different  from  that  of  nitric  acid.    If  indigo  in  Hue  powder  bi 
boiled  with  a  solutiou  of  potash  (of  sp.  gr.  J '36),   it  is   dissolved 
without  the  extrication  of  gas,   and  an  orange-colo tired  liquid  id^j 
formed,    which  on    cooling    deposits  yellow  crystals.       If  thes^H 
crystals  be  dissolved  in  water,  and  treated  with  an  execes  of  hydro- 
chloric acid,  a  dirty  bluish-red    precipitate    is   formed ;   this  sub* 
stance    constitutes  Fritsche*8  chrysaniUc   acid,   but  according 
Gerhardt,  tlie  precipitate  consists  of  a  mixture  of  reduced  itidi 
with  isatiu,  and  the  chemist  last  named  represents   the   action 
the  solution  of  liydrate  of  potash  ou  indigo  thus  : — 

Indigii  I«ii<».  TiiAUte  of  JPotAsh  WTilt*  Indigo, 

3  (Cj.e.NO^)  +  KO,  HO  +  a  HO  =  KO,CVI,JS^O,  V  2  (C^'Joj^ 

By  exposure   of  the  solution  of  the  yellow  crystals  to  the  air^ 
oxygen  is  absorbed   and  indigo  blue   is  deposited.      If  indigo    h 
fused  with  hydrate  of  potash,  hydrogen  is  evolved  and  salicylic 
acid  is  amongst  the  products ;   btit   if  to   a   concent  rated   boding 
solution  of  potash  indigo  be   added,  care  l>eing   taken    to   replace 
the  water  as  it  evaporates,  and   if  to  the   boiling  liquid   powderecid 
peroxide  of  manganese  be  added  until  the  solution  ceases  to  deposit ' 
iudigo  when  exposed  to  the  air,  a  differeMt  compound  is  the  result, 
and  antbrauilic   acid    is    obtained    in    combiaatiou   with  potash. 


A 


ANTHRANIUC    ACID — ISATIN. 
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Anthranilic  add  (HO,  Ci^HjjNO^)  maybe  procured  by  neutraliziug 
the  potash  with  sulphuric  acid,  evap<3ratiiif^  to  dryness,  dissoUniig 
the  an  til  rani  I  ate  of  potash  by  means  of  alcohol,  which  leaves  the 
sulphate,  and  decomi^o^ing  the  anthranihite  of  potash  by  tlie  addition 
of  acetic  acid.  On  evaporating  the  alcoholic  solntion,  this  acid  'm 
obtained  in  brilliant  plates,  or  in  four  or  six-sided  iicedhis.  Anthra- 
nilic is  metamenc  with  benzamic  acid  (1209),  If  heated  gently  it 
may  be  stdjlimed  uneliangcd,  but  if  the  temperature  be  suddenly 
raised  the  acid  becomes  decomposed  into  aniline  and  carbonic  acid: — 

Aiitbr»nlllf  Acid.  Aoilme. 


HO,  Ci.HflNOa      =      CjjH^N      +      d  COj, 

(1288)  hatin  (CigH^NO^). — This  substance,  which  contains 
two  e([uivalents  more  of  oxygen  than  indigo  blue,  may  be  obtained 
by  heating  indigo  in  a  dilute  solution  of  bichromate  of  potash 
and  sulphuric  acid,  or  by  the  following  process :— Powdered  com- 
mercial indigo,  of  good  quality,  is  to  be  mixed  with  a  sufficient 
quantity  of  water  to  reduce  it  to  a  thin  cream,  and  the  mixture  is 
to  be  gently  heated;  nitric  acid  must  t!ien  be  added  in  small 
quantities  at  a  time  until  the  blue  colour  has  disappeared  ;  10 
parts  of  indigo  require  6  or  7  parts  of  acid.  The  nuuss  must  next 
be  largely  diluted  with  water,  boiled,  and  filtered  whilst  boiling  hot; 
the  undissolved  residue  must  be  again  boiled  with  water,  and  tlie 
filtered  solution  added  to  the  fii-st  portions ;  crystals  are  deposited 
as  the  liquid  cix^ls ;  they  must  be  washed  wdth  water  containing  a 
little  ammonia,  then  dissolved  in  alcohol  and  rccrystallizcd. 

Isatin  crystallizes  in  brilliant  oraugc-colonrcd  rhombic  prisms  - 
it  18  sparingly  soluble  in  cold  water,  but  is  readily  dissolved  by 
boiling  water  and  by  alcohoL  On  the  application  of  heat  to  the 
crystals  they  melt  and  are  volatilized,  emitting  acrid  vapours  of  a 
yellow  colour.  When  isatin  is  distilled  in  closed  vessels  a  consi- 
derable portion  of  it  umlergoes  decomposition*  Isatin  is  capable  of 
exchanging  an  e€|uivalent  of  hydrogen  for  one  of  a  metal ;  thus,  if 
an  alcoholic  solution  of  isatin  be  mixed  with  one  of  nitrate  of  silver, 
a  wine-red  amorphous  precipitate  of  argentisaiin  {Cl^^^\^^0^) 
is  formed.  Solution  of  potash  dii^solvcs  isatin  freely,  and 
forms  a  purple  liquid,  which  on  boiling  becomes  yellow.  When 
examined  after  this  change  of  colour  has  occurred,  the  elements 
of  tlie  isatin  are  found  to  have  combined  with  those  of  water,  thus 
producing  isuHc  acid  (110,  Ci^HuNO^),  which  remains  in  combiua- 
tiun  with  the  potash. 

if  isatin  be  heated  with  solid  hydrate  of  potash  it  is  deoom- 
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po.^etl,  liydrogen  is  liberated,  carbonic  acid  is  foniied  an<l  is  reUiincd 
in  cambination  with  the  potash^  whilst  aniline  distils  over : — 


Itfttin. 


Aniliiiei. 


CioH^NO,  +  4(HO,  KO)   =  C,J1^N   +  4(K0,C0,)   +   U^. 

(1289)  The  action  of  chlorine  upon  indigo  is  peculiar;  it  im- 
nierliately  discharges  the  blue  colour,  and  produces  (in  addition  to 
foriinc  acid,  muriate  of  ammonia,  and  a  brown  resinous  substance) 
four  distinct  chlorinated  compounds.  Two  of  these,  viz.,  chhri* 
satin  Cigll^ClNO^  and  dichhrisatin  CieHjClgNO^,  are  yellow, 
sparingly  soluble,  cry  stall  izable  substances  formed  upon  the  type 
of  isatin,  A  third  cldoriuated  compound  is  trichloraniline 
{C12II4CI3N),  and  it  is  usually  accompanied  by  a  certain  quantity 
of  trichhrophenic  acid  (HO,  0^^11X1^0).  Cldorisatin  and  dichlori- 
satin  arc  soluble  in  alcohol ;  when  heated  with  a  solution  of  p*Jtask 
they  yield  acids, — the  chlorimtic  (HO,  CieHfiClNOs),  and  dichlori- 
satic  acid  (HO,  Cj^HjCl^NOJ,  corresponding  with  isatic  acid  ;  and, 
if  dietillcd  with  hydrate  of  ixjtash  they  give  cbloriuatcd  bases  of  a 
composition  coiTcsponding  to  that  of  aniline, — 

Chhramfine  being  composed  of  Ci^HgCl  N,  and 
Dichior aniline  of       .      .      , 


C,,H,C1,N, 


pure  isatin 


The  reaction    is  precisely  analogous    to    that    w 
(seep.  41), 

The  action  of  bromine  upon  indigo  is  analogous  to  that  of 
chlorine,  though  it  is  less  violent. 

(1 290)  Ammoniacai  derivatives  oflsalin. — "WTien  isatin  is  treated 
with  ammonia  it  gives  rise  to  a  nnuibcr  of  amidated  produets,  the 
eomposition  of  which  varies  with  tlie  degree  of  concentration  of 
the  ammonia  :  they  have  been  particularly  studied  by  Lainrent  (Ann^ 
de  Cliimie,  III,  iii.  483).  The  following  table  exhibits  the  reactions 
which  attend  their  formation  : — 


>f  a        I 

I 
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Imeflatia  .  ,  » 
Iniasatiii  .  ,  * 
Isamic  acid  H0» 

Amasatin  or  isamide 
Isatimide       .     .     . 


H,N  -  2  HO 

ILN  -^  2  HO 

2  H3N  —  2  HO 
2  fl^N  ^  4  HO. 


Cldorisatin   and   dichlorisattn   when   heated  with    ammonia  yield 
corresponding  compounds. 

(1291)  hathtjd  (CpjHeNOJ.— This  substance  stands  in  the 
same  relation  to  isatin  that  white  indigo  does  to  blue  indigo;  that 
is  to  say,  it  contains  one  equivalent  more  of  hydrogen  than  isatin. 
In  order  to  proenre  isathyd  an  alcoliolic  solution  of  isatin  is  mixed 
with  one  of  li}  drosulphate  of  ammonia,  and  set  aside  for  u  week  in 


ISATHYD IN  DIN. 


a  closed  bottle;  crystals  of  sulphur  are  gradually  deijosited,  tntsed' 
with  prismatic  needles  of  isathyd.  The  sulphur  must  be  removed 
by  digestion  with  bi.sulphide  of  carl>on.  A  better  method,  how- 
ever, consists  in  placing  powdered  isatin  in  a  flask  with  a  consider- 
able quantity  of  water  acidulated  with  sulphuric  acid,  theu  intro- 
ducing a  pktc  of  pure  ziuOjand  heating  the  whole  to  the  boiling  point. 
As  the  isatiu  becomes  dissolved^  it  combiner  witli  the  nascent 
hydi-ogen,  and  h  converted  into  isathyd,  which  is  deposited  in  the 
form  of  a  crystalline  powder.  Isathyd  is  a  grcyisli  white,  tasteless 
subsitimcc,  whiirh  is  iiisoluljlc  in  water,  and  but  sparingly  soluble 
in  alcohol  and  in  ether  even  at  a  boiling  temperature:  it  is 
deposited  fi*om  these  solutions  as  they  cool  in  minute  oblique 
prisms.  If  heateil,  it  softens  and  becomes  decomposed,  and 
ae<|uires  a  violet  brown  tiiit.  Boiling  nitric  acid  colours  it  violet, 
aud  dissolves  it.  Isathyd  yields  various  substitution  products  with 
chlorine  and  with  bromine. 

\^'hen  a  current  of  sulphuretted  hydrogen  is  transmitted  through  j 
a  boiHng  concentrated  alculiulic  solution  of  isatin,  the  isatin  is  con- 
verted  into   isathyd,   and  this,   at   the    moment  of  its   formation, 
becomes  decomposed,  and  bimiipkhaihyd^  a  sulphuretted  compound 
corresponding  in  composition  to  isathyd,  is  formed  :— 


Inath^d. 


C„H,NO, 

InlhtiL 


HS     = 


Bisulphiiathjd. 


+     S;  and 


Ci,n«NO,     +     2HS     =     Cj.IloNO.Sa    +    alio. 

When  the  liquid  has  become  clear  by  the  deposition  of  the 
sulpliur,  the  bisulphisalbyd  may  be  precipitated  by  the  addition  of 
water*  It  is  a  yellov\ijah  grey,  tasteless  powder,  which  softens  at 
212"*;  alcohol  and  ether  dissolve  it,  but  do  not  yield  it  in  a  crystal- 
line form  on  evaporation. 

Various  other  sidphuretted  derivatives  may  be  obtained  from 
isatin  (Laurent,  iuc.  cit.) 

{129a)  Indin  (CjaHioNaOi). — This  substance  appears  to  be 
polymeric  with  indigo  blue.  It  is  of  a  beautiful  rose-colour,  is  inso- 
luble in  water,  and  but  sparingly  soluble  in  alcohol  and  ether,  even 
at  a  boiling  temperature.  In  order  to  prepare  indin,  bisulphisathyd 
IS  triturated  in  a  mortar  for  some  minutes  with  a  concentnited 
solution  of  [Kjtash,  adding  a  few  drops  of  tlie  alkaline  solution  from 
time  to  time,  ujitil  a  rose-colour  begins  to  show  itself.  Alcohol 
is  tlieri  to  be  added  in  small  quantities  at  a  time,  continuing  to 
triturate  the  mass  until  the  mixture  has  assumed  a  deep  rose-colour. 
It  is  then  to  be  diluted  with  alcohol^  and  the  insoluble   portion 
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coll(?cted  Oil  a  filter  and  washed  first  witli  alcohol,  then  with  water. 
If  this  residue  be  dissolved  in  a  concentrated  solution  of  potash, 
bliick  needles  of  ittdutaie  of  potash  (CgJI^jKNgOj)  arc  deposited. 
They  must  be  w^ashed  with  absolute  alcohol,  and  decomposed  w*ith 
a  weak  solution  of  hydrochloric  acid.  Pure  pulverulent  indiu  is 
left  on  waislihij?  the  insoluble  residue.  A^itnndin  C^^K^^  2  (NO^NjO^, 
chhrmdin  [Q^^WJ^X.^^Jd^],  and  bkhhrindin  (CsalluCl^NaOi)  are 
substitution  compounds  obtainable  from  indin. 

Hydr'mdhi  (CaalluN^O^,  Aq  ?)— Tiiis  substance  appears  to  stand 
in  a  similar  relation  to  indin  that  reduced  indigo  doe^  to  blue 
indigo.  When  the  black  solution  of  iudinate  of  potash  'm  heated 
with  an  excess  of  an  alcohoHc  Bolution  of  the  alkali^  the  colour  gra- 
dually ebang^es  into  a  pale  yelloWj  and  on  cooling  deposits  crystals 
of  hydrindinate  of  potash.  Water  decomposes  them,  and  leavea 
hydriudin  in  the  form  of  a  white  powder,  insoluble  in  water,  and 
sparingly  soluble  in  hot  aleoboh 

A  uundier  of  other  compounds  have  been  obtained  from  indigo  : 
they  are  described  by  Laurent^  he.  dt.,  and  by  Erdmann  {Journal 
fur  prakt.  Chemie^  vols,  xbc.,  xxii.j  and  xxiv). 

(1293)  2.  CoLOtTRTNG  MATTERS  OF  THE  LlCHENS, — Many  of  the 

lichens  allbrd  colouring  matters  which  are  of  considerable  importance. 
A  yellow  lichen  common  on  old  walls  {ParmeUaparMina)  exiutains  a 
coionring  matter  identical  with  that  of  the  rhubarb  root  (1271),  and 
the  diirercnt  varieties  oiUmieu  and  of  EviTma  furnish  an  analogons^ 
straw  yellow,  crystalline  substance,  termed  nsnic  acid  (HO, C^^^ll^O^^f) 
winch  is  easily  dissolved  by  ether;  it  yields  red  compounds  with 
the  alkalies.  Wheu  boiled  with  an  excess  of  alkali  it  furnishes  a 
substance  termed  by  Stenhouse  beia-orcin  (CkjHioO^?)  The  same 
compound  is  obtained  by  tlie  distillation  of  usnic  acid.  These 
acids  arc  unimportant  as  colouring  matters  and  need  not  be 
further  noticed  here. 

(1294)  The  red,  violet,  and  blue  colours,  which  arc  known 
in  commerce  under  the  names  of  archii,  cudbtarj  and  titmua^ 
are  supplied  by  different  species  of  RoccellUj  Varioiaria,  and  Leca^ 
nora.  Tlie  Roccella  trilic  grow  upon  rocks  on  the  sea-coast,  in 
the  Canary  Islands,  in  Sardinia,  and  in  Corsica^  at  the  Cape  of 
Good  Hope,  on  the  western  coast  of  South  America,  and  in 
various  other  parts  of  the  world*  The  Varioiaria  abounds  in 
certain  parts  of  the  Pyrenees,  and  of  the  Alps;  and  the  Lecanora 
tartarea  is  abundant  on  the  Swedish  mountains. 

None  of  these  lieliens  furnishes  the  colouring  matter  ready 
formed ;  but  they  contaui  from  seven  to  twelve  per  cent,  of  various 
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colourless  acids,  such  as  the  erythric  (CgjHjflOjQ?),  evetnic 
(I10,Cj,4HisOi3?),  and  kcamric  acids  (HO,  Ca.Hj^Ois?)  ;  these 
bodies  luider  the  influence  of  alkalies  are  readily  deconiijosefl  into 
new  acids,  which  are  characterized  by  tlie  production  of  a  %'iolet 
colour  with  chloride  of  lime,  and  into  a  colourless  neutral  substance, 
terraed  orcln  (Cj^H^jOJ.  Orcin  is  the  true  colour- producin«:  body  ; 
under  the  iiidueuce  of  ammonia  it  absorbs  oxygen,  and  is  eon- 
verted  into  orcein  (CjiUyNOJ,  an  azotized  substance  possessed  of 
high  tinctorial  power. 

In  the  preparation  of  Archil  the  lichens  are  first  freed  as  far 
as  may  be  from  earthy  impurities,  and  are  made  up  into  a  paste 
with  some  amnioniacal  liquid,  such  as  urine  to  which  a  quantity  of 
lime  has  been  added,  for  the  purpose  of  liberating  its  ammonia  ; 
the  mixture  is  then  exposed  for  some  weeks  to  the  air,  moistening 
it  from  time  to  time  with  fresh  quantities  of  the  amraoniacal  liquid. 
A  paste  is  thus  obtained  of  an  offensive  odour  and  of  an  intense 
violet- red  colour;  it  constitutes  the  archil  of  commerce.  Cudbear 
is  obtained  by  a  similar  process  from  the  Lecanora  tarlnrea ;  the 
colouring-matter  of  these  dye-stuOs  consists  chiefly  of  orcein. 
Cudbear  is  employed  chiefly  for  woollen  and  silk  goods,  to  which 
it  imparts  a  brilliant  but  not  very  permanent  dye,  of  various  shades 
of  violet,  lilac,  and  purple. 

( 1 295)  Litmus  is  obtained  principally  from  the  RocceHa  iinctoria: 
it  is  prepared  by  a  process  similar  to  that  used  for  archil,  but  is 
moistened  with  a  mixture  of  carbonate  of  ammonia  and  carbonate 
of  potash.  During  its  preparation  the  mass  at  first  assumes  a  red 
colour,  but  it  ultimately  becomes  of  an  intense  blue.  It  is  made 
up  with  chalk  or  plaster  of  Paris  into  small  cakes  for  the  market. 
A  small  portion  only  of  the  colouring  matter  of  litmus  is  soluble 
in  water  and  in  alcohol,  but  it  is  nearly  all  soluble  in  alkaline 
liquids.  The  chemical  composition  of  litmus  still  demands  further 
investigation.  Kane  (Phil,  Trans, ^  1^40)1  states  that  litmus  con- 
tains several  principles;  one  is  a  red  semi-solid  subsitance,  which 
he  terms  erfji/iroleiu :  it  is  soluble  in  ammonia  with  a  purple 
colour :  another  is  eryikrolUmin^  which  forms  crystalline  grains 
of  a  dark  red  colour,  soluble  in  alcohol,  but  not  in  ether ;  it 
Ijecomes  blue  by  the  action  of  potash  :  neither  of  these  substances 
contains  nitrogen.  But  the  principal  constituent  of  litmus  consists 
of  a  tliird  body  termed  azol'dmin,  in  which  nitrogen  is  present ;  it 
is  insoluble  iu  alcohol  and  in  ether,  and  sparingly  soluble 
in  water ;  it  is  amorphous,  and  of  a  brown  red  coloin*. 
Ammonia  dissolves  it  and  forms  a  blue  solution,  which  gives  blue 
and  violet  lakes  when  mL\ed  with  the  salts  of  several  of  the  metals. 


510 


BLtK    DYES 


-COLOIRING    MATTERS    OF   TItE    LICHENS. 


(1296)  Assay  of  Lichens  for  Ctjlounng  Matter. — ^The  tlifTerent 
lid  I  ens  contuin  v;ir  tabic  am  01  nits  of  colour- producing  ingreclienU  ; 
t*i)ngequently  their  commercial  value  is  liable  to  great  variation. 
Steubouse  estimates  the  comparativ*e  value  of  diflerent  samples  by 
means  of  a  standard  sohition  of  cliloride  of  lime*  A  givcu  weight 
of  tlip  lichens  in  powder  ia  digested  witli  slaked  lime  and  water 
ill  order  to  extract  the  colorific  acid,  and  on  adding  chloride  of 
lime  to  this  liquid  a  red  colour  is  produced,  which  disappears  in  a 
few  minutes,  leaving  a  brownish  yellow  tint ;  fresh  quantities  of 
the  chloride  are  added  so  long  as  this  red  coloration  is  produced 
by  it.  Another  method  also  suggested  by  the  same  chemist 
consists  in  adding  an  acid  to  the  solution  of  the  lichen  acids  in  lime 
water^  and  collecting  and  weighing  the  precipitate  of  the  lichen 
acids.  The  colour-producing  acids  may  be  extracted  by  the 
following  method  (Steuhoiise)  : — The  pulverized  lichens  are  mixed 
with  water,  and,  after  standing  for  an  hour,  a  quantity  of  slaked 
lime  is  added,  and  the  mixture  is  allowed  to  digest  for  some  timei 
it  is  then  placed  in  a  linen  filter  supported  in  a  tin  vessel  with  a 
perforated  bottom,  and  the  liquid  is  gradually  displaced  by  the 
cautious  addition  of  water,  the  washing  being  continued  so  long 
as  the  filtrate  yields  the  characteristic  purple  red  colour  with  solu- 
tion of  chloride  of  lime.  On  the  addition  of  hydrochloric  acid  to 
the  filtered  solution,  the  lichen  acids  are  precipitated  in  the  form 
of  a  white  gelatinous  deposit,  from  which  the  water  may  be 
removed  by  pressin-e.  The  acids  may  then  be  erysttdlisscd  from 
warm  alcohol,  but  they  must  not  be  boiled  with  alcohol,  otherwise 
compound  ethers  would  be  formed,  into  the  composition  of  which 
the  acids  enter,  Thi^  remarkable  power  of  etherifyiug  alcohol  is 
a  striking  chemical  pecidiarity  of  the  lichen  acids. 

The  formuhe  which  represent  the  composition  of  the  numerous 
derivatives  of  the  lichens  are  at  present  variously  represented  by 
ditlcrent  chemists.  Those  proposed  by  Gcrhardt  are  founded 
chiefly  upon  the  analyses  of  Sehuuek  and  of  Stenhouse :  they 
appear  to  explain  in  a  simple  manner  most  of  the  metamorphoses 
which  the  lichen  acids  undergo,  and  they  agree  with  the  actual 
results  of  analysis  very  nearly  as  well  as  the  empirical  fbrmulEC 
adopted  provisionally  by  Stenhousc  and  other  chemists*  who  have 
specially  examinetl  these  corapomids  :— 


•SeeSchunck  (LieUgU  AnnaL,  xli  1157;  Uv.  257;  1x1.64);  Rochleder  and 
lit  kit  {Ih.  xlviii,  I  )|  Stcnhouac  {PhiL  Trans.,  1848,  p.  63  j  1849,  p.  393). 
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Usnic  acid  .  . 
Erythric  acid  . 
Picro-erythrin  . 
Erythro-mannite 
lloccellinin  .  . 
Evernic  acid  .  . 
Evernesic  do. 
Lecanoric  do.  . 
Alpha-orsellesic  do. 


HO.C«H,A 

1^  0.34*^10 


HO,  C„  FT,  Or 

HO.a-ff.o' 

HO.C^^ff.O, 


Stenhouse 

Do. 
Schunck 
SteiihoiL93 

Do. 

Do. 

Do. 
Schunck 
Stoiihouite 


C,.H;„0,,,  Aq 

c  "h  o' 

C|fl  rig  Oj 
Or3ellesic(lecaiioric)etherC^  M^  O  CiJIjOj         Cj'H^'O.'CisTTPg  Schunck 

Parellic  acid  ....     CijH,  Qs  HO,  C^Jlj  O,.  Aq  Do. 

Gyrophoric  acid      .     .  HO,  C3gH,70n  Stenhouse 

Orcin C,^H8  04.2Aq              Cj^H^Oy  Do. 

Beta-orcin      ....     C,«H,oO.                        C„H«Pio  Do. 

Orcein Ci^HyNO^ 

(1297)  Erythric  Acid,  or  Erythrin  (CgaHigOig?). — ^This  com- 
pouud  appears  to  be  present  in  most  of  the  lichens  which  yield 
archil.  It  is  soluble  in  about  240  parts  of  boiling  water,  but  is 
nearly  insoluble  in  cold  water ;  hot  alcohol  also  dissolves  it,  and 
deposits  the  acid  in  stellate  groups  of  needles.  It  is  likewise 
soluble  in  ether.  When  heated  in  a  tube  it  is  decomposed,  and 
orcin  is  sublimed.  The  alkalies  dissolve  it  with  facility.  When 
boiled  with  baryta,  a  carbonate  of  this  base  is  formed,  and  orcin  is 
liberated : — 

Erythric  Aoid.  Orcin. 

C3,II,cO,e      =      4  CO,      +      2"(C^l30J. 
By  long  boiling  of  the  aqueous  solutions  of  erythric  acid,  water  is 
assimilated,  and  it  is  decomposed  with  evolution  of  carbonic  acid 
into  picro-erythrin : — 


Erythric  Acid. 
/ -^ \ 


Picro-crythrin. 
C30"3oOi6» 


4-  4110  =  2CO2  + 
Picro-erythrin  (CaoII^^Oie?)  is  a  colourless  substance  wliich  is 
sparingly  soluble  in  cold  water,  but  very  soluble  in  boiling  water, 
from  which,  on  evaporation,  it  may  be  obtained  in  confused  crystals. 
It  has  a  very  bitter  taste.  Its  solutions  give  a  precipitate  with 
subacctate  of  lead,  but  none  with  the  neutral  acetate  :  with  per- 
chloride  of  iron  it  produces  a  beautiful  purple  colour.  If  heated 
alone  in  a  tube  it  yields  a  sublimate  of  orcin.  Alkalies  dissolve  it 
readily  without  the  aid  of  heat.  Its  ammoniacal  solution  quickly 
becomes  red  by  exposure  to  the  air.  When  boiled  with  milk  of 
lime  or  with  baryta  water  it  is  decomposed,  carbonate  of  lime  or  of 
baryta  is  formed,  and  orcin  and  a  new  body  termed  erythro-mannite 
are  produced  : — 

Picro-erythrin.  Orcin.  Erythro-mannite. 


C3oH»0„  +  4HO  =    aCOa  +   C„H,0^     +     C.JI.eO,,. 
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Erythro-manniie^  Pstudo-orcin,  or Eryihro-glucin  (Ci^UjgOjj-h 
Aq ;  Gcrhardt),  is  probably  homologous  with  maoiute.  It  may 
be  extracted  from  the  solution  of  the  rocctfUa  in  lime  water,  by  boU- 
iiig  it  for  some  hours  in  an  open  capsule^  and  then  removing  the 
excess  of  Hme  by  means  of  a  current  of  carbonic  acid.  On  evapo- 
ration a  Bvrnpy  mass  is  obtained,  consisting  chiefly  of  orcin  and 
erythro-mamiite ;  the  foiiiier  may  be  extracted  by  means  of  ether 
or  of  alcohol.  Erythro-raonnite  crystallizes  from  the  residue  in 
the  eoiu^e  of  a  few  days,  and  may  be  purified  by  wa^iliing  it 
uith  cold  uleohol  and  recrystaJlizing  from  boiling  alcohol.  Its 
arjucous  solution  deposits  it  in  broad  voltmiinous,  brilliant  crystals^ 
belonging  to  the  pyramidal  system.  Erytliro-mannite  is  neutral  to 
test  papers ;  it  is  very  soluble  in  water,  and  has  a  sweet  taste, 
but  it  is  not  fermentable.  When  treated  witli  fuming  nitric  acid 
kept  cool,  it  yields  an  explosive  compound,  ChHi^^  (NOJijOij, 
which  corresponds  to  nitro-manuite  (946) :  this  body  may  be 
crj'stallized  fi-om  its  solution  in  boiling  alcohol  in  brilliant  laminsD^ 
fusible  at  142*. 

(1298)  Evernic  Add  (HO,  CijJIjgOig  ?)  occurs  associated  with 
usnic  acid  in  the  Evernia  pnmastri.  It  is  scarcely  soluble  in 
water,  even  when  at  a  teavtieraturc  of  212°,  but  is  readily  soluble 
in  alcohol  and  in  ether  ;  with  potash  and  baryta  it  yields  soluble 
crystallizable  salts.  When  boiled  with  lirae  or  bai^ta  in  eiceaa 
orcin  is  formed,  and  a  new  acid  termed  eva^iemc  acid : — 

ETemie  Add. 


ETrrnnic  Acid. 


Orcin» 


c«ii 


,,0,4  +  3  no  =  a  CO,  +  C.sH, A   +  C,JI,0^. 
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Evemesic  aeid  docs  not  yield  orcin ;  ammonia  does  not  produce 
any  red  colour  with  it ;  nor  docs  chloride  of  lirae  yield  mth  it  a 
red  or  violet  colour. 

(1299)  If  tlie  Lecanora  iartarea  and  some  other  lichens  be 
treated  with  ether,  and  the  solution  be  evaporated,  white  crystals  of 
iecanoric  acid^-  (Cg-^HiiO,!  ?)  are  deposited  ;  tliis  substance  is  nearly 
in.-^oluble  in  cold  water,  but  it  is  freely  dissolved  by  hot  alcohol  and  by 
etiier ;  its  solution  reddens  litmus.  Perchloride  of  iron  strikes  a  dull 
purple  red  with  its  spiiituous  solution.  If  boiled  with  aleohol  it  pro- 
duces a  true  compound  ether.  The  caustic  alkalies  dissolve  Iecanoric 
aeid,  and  dcj^rive  it  of  carbonic  acid,  leaving  orelr)  in  solution.  Orcin 
ih  also  obtained  by  simply  heating  Iecanoric  acid  and  distilling.    If 


•  Lecimoric  iicid,  according  to  Gerbardt,  is  identical  with  the  alphn  and 
beta  orsellic  acids  of  StcDhoiific. 


* 
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lecaiioric  acid  be  treated  with  aiiiiiionin  and  exposed  to  tlie  air,  tlie 
acid  combines  with  tbc  elementii  of  ammonia,  and  a  purple  com- 
pound IS  gradmdly  formed^  owing  to  the  production  of  orciii. 

Afplta-orstihjific  Add  (IIO,  Cj^lLO^)  is  one  of  t!ie  prod  nets 
of  the  decompoi^itiou  of  lecanorie  acid  when  its  solution  is  boiled 
for  a  short  time  with  an  excels  of  lime  or  of  baryta ;  by  prolonged 
bailing  it  becomes  converted  into  orciu  : — 

Let^MiDrie  Acid,  a.  Ojpsellmic  Acid. 


I  Opsfi^Upsiic!  Acitl. 


+      2  HO     = 


2  (CioHjOs) ;  and 

Ojrin. 


C,«H,0,        =      2  CO,     +  C.JI.O^. 

AYlien  either  lecanorie  or  crythric  acid  is  boiled  with  alcohol  for 
some  hours  orcin  is  separated,  and  a  substance  termed  p^eudo-erif' 
thrin  or  lecanorie  ether,  more  properly  orsellesic  ether  (CjHsO, 
CioHjOy)  is  formed  :  it  crystallizes  in  plates  or  needles,  which  may 
be  purified  by  recrystallization  from  boiling  water.  It  is  scarcely 
dissolved  by  cold  water,  bat  is  very  soluble  in  alcohol  and  in  etheri 
as  well  as  in  alkaline  solutions,  from  which  it  is  precipitated  ou- 
altered  on  the  addition  of  an  acid.  Its  amnioaiacal  solutioUj  when 
expo*4ed  to  the  air,  assumes  a  wine-red  tint. 

In  certain  eases  Schunck  fonud  an  acid  which  lie  terras  parellic 
acid  (HO,  CaiH^Ogj  Aq  ?),  accompanying  lecanorie  acid ;  it  is  a 
fusible  com  pound,  which  does  not  yield  orcin  when  treated  with 
alkalies.  It  crystallizes  iti  brilliant,  colourless,  heavy  needles, 
which  are  very  sparingly  soluble  in  cold  water,  but  fireely  soluble 
in  ether  and  in  alcohol.  The  alcoholic  solution  has  a  very  bitter 
tiiste  ;  water  precipitates  the  acid  from  it  in  a  gelatinous  fortu.  It 
forms  a  white  insoluble  salt  with  baryta. 

{1300)  Qrchi  (C,4Hg04,  2  Aq ;  Gerhardt),  Sp,  gr,  of  vapour 
5*7j  corres|K>ndiug  to  3  volumes, — This  subiistauce  appears  to 
exist  ready  formed  in  several  lichens,  but  it  is  generally  pro- 
cured by  decomposing  cveruic,  crythric,  or  lecanorie  acid,  by 
iKjiling  it  with  au  alkali.  Stenhouse  prepares  orcin  by  boiling 
the  solution  obtained  by  treating  one  of  the  varieties  of  the  roc- 
cetia  or  keanora  with  lime  for  some  hours,  and  concentrating  it 
by  evaporation.  The  excess  of  lime  must  then  be  removed  by 
leans  of  a  current  of  carbonic  acid,  and  the  filtered  liquid  evapo- 
atcd  to  the  consistence  of  a  syrup  ;  this  residue  must  be  treated 
with  boiling  alcohol,  and  allowed  to  crystallize  ;  the  red  crystals 
thus  obtained  must  be  purified  by  recrystallization  from  tlicir  solu- 
tion in  ether.     Orciu  is   a  substance  with  a  sweet  but  mawkish 
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taste.  It  nystallizes  with  2  Aq  in  colourless,  qimdrnng^ilarpnsinfi^ 
and  is  readily  soluljle  in  alcohol,  ethcFj  and  water.  When  heated  to 
212^  it  melts  and  gives  off  its  water  of  cryetalUzation,  and  at  550**  it 
may  besublitited  unchanged.  It  is  not  susceptible  of  the  vinous  fer- 
mentiitiun.  lu  its  anhydrous  form  it  is  metameric  with  saUgenin, 
With  persalts  of  iroa  it  gives  a  dark  red  precipitate ;  it  gives  no 
precipitnto  with  neutral  acetate  of  lead,  but  with  subacctate  of 
lead  a  white  precipitate  is  occasioncil  (CjjH^jPbgOi,  aPbO).  Willi 
chloride  of  Urae  orein  gives  a  purple  red  colour,  which  quickly 
changes  to  a  deep  yellow.  Nitric  acid  converts  orein  into  oxalic 
acid,  and  a  ret^inous  substance. 

Orcein  (Ci^IIyNOo).^ — If  orciu  be  exposed  in  a  shallow  dish 
under  a  bclUglass  with  air  to  the  vapour  of  ammouia,  it  yields  a 
line  re<l  colour ;  oxygen  is  absorbed^  and  a  compound  is  obtained 
which  has  received  the  name  of  orcein : — 

Orein,  Orcein. 


CjJIA    -h    HaN    +    Oe   =    C,JI,NO,   +   4  HO. 

The  aqueous  solutioQ  of  the  result  of  the  foregoing  reaction  must 
be  mixed  with  acetic  acid,  when  orcein  falls  in  red  flocculi. 
Orcein  is  sparingly  soluble  in  water,  from  which  it  is  completely 
precipitated  on  the  addition  of  a  neutral  salt.  Alcohol  dissolves  it 
freely,  forming  a  scarlet  solution.  It  is  sparingly  soluble  in  ether. 
Potash  and  ammonia  dissolve  it  readily,  forming  a  splendid  purple 
colour,  wliieh  is  the  basis  of  the  ordinary  archil  of  commerce  ;  tha- 
addition  of  common  salt  precipitates  it  from  its  solutions  in  the  alka 
lies.  With  metallic  salts  its  alkaline  solutions  yield  beautiful  purple 
Jakes.  The  addition  of  acids  restores  its  red  tint,  hence  its  value 
in  the  form  of  litmus  as  a  test  for  free  acids.  If  a  solution  of 
orcein  be  treated  with  hydrochloric  acid  and  zinc  in  closed  vessels 
it  becomes  colourless,  but  it  resumes  its  red  coloui*  on  exposure  to 
the  air, 

Btta-Orcin  (C,tjHiy0.i?),  the  compound  obtained  by  distillation 
of  usnic  acid  (1293),  is  regarded  by  (ierhardt  as  a  homologue  of 
orein  :  it  is  easily  soluble  in  boiling  water,  alcohol,  and  ether ;  it 
has  a  slightly  sweet  taste.  When  mixed  with  ammonia  it  rapidly 
acquires  a  fine  red  tint.  With  caustic  potash  it  )^eld8  a  fine 
purple,  and  by  chloride  of  lime  its  colour  is  instantly  converted 
into  a  blood-red. 


(130!)  The  vegetable  colours  are  not   the  only  ones  which 
are  used  in  dyeing ;  a  beautiful  blue  is  now  prepaicd  from  ferro- 
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ide  of  potassium  and  the  persalts  of  iron,     A  yellow  is  pro- 

d  by  clironiatc  of  lead,  aud  an  orange  upon  woollen  and  silk 
gooik  by  means  of  concentrated  nitric  acid, 

A  variety  of  colours  are  used  by  the  artist  as  pi^ents ;  most 
of  these  are  obtained  from  the  mineral  kingdom  :  many  of  these 
mineral  colours  are  wanting  in  transparency  and  brilliancy^  but 
they  are  generally  very  durable.  The  pigments  procured  from 
the  vegetable  kingdom  are  more  brilliant  but  less  permanent,  and 
in  the  small  number  of  cases  in  which  they  are  obtained  from 
the  animal  creation  they  generally  combine  durability  with  bril- 
liancy* Several  of  the  pigments  in  common  nse,  such  as  the 
preparations  of  lead^  arsenic,  and  copper^  are  poisonous.  Many 
of  the  metallic  colours,  particularly  those  which  contain  lead,  are 
injured  by  exposure  to  sulphuretted  hydrogen »  and  become  black. 
Vegetable  colours  are  especially  prone  to  fade  under  the  iniju* 
ence  of  atmospheric  oxygen,  aided  by  a  strong  light. 

(1302)    Coloimng    Matter    of    Plants    mid    of    Flowers 

Chlorophyll,  as  the  green  colonring  matter  so  generally  ditfuscd 
through  the  vegetable  kingdom  ia  termed,  appears  to  be  of  a 
resinous  natmre.  It  is  soluble  in  alcohol  and  in  ether,  but  in- 
fioluble  in  water.  The  alcoholic  solution  is  of  a  beautiful  green 
colour^  and  on  evajxjration  leaves  the  chlorophyll  in  an  amorphous 
Btate.  If  the  leaves  be  treated  with  ether,  the  colouring  matter 
is  dissolved^  but  it  is  aceompanietl  by  a  wax-like  body,  which  is 
insoluble  in  cold  alcohol.  Chlorophyll  is  not  known  in  a  atate  of 
purity.  When  present  in  the  leaf  it  undergoes  various  changes  of 
colour,  according  to  the  pliint  in  wlncli  it  occurs.  In  autumn, 
before  the  leaves  fall,  it  generally  passes  into  yellow,  as  may  be 
seen  in  the  lime,  the  poplar,  the  horse  chesnut,  and  the  common 
laureh  In  other  ca^es  tlie  colour  cliangcs  to  red,  of  various 
shades,  as  in  the  Virginia  creeper,  the  Spanish  chcsnut,  and  the 
sumach*  The  chemical  changes  which  occur  in  these  cases  have 
not  been  satisfactorily  explained. 

Fremy  and  Cloez  have  examined  the  colouring  matters  of 
various  Mowers,  and  they  consider  that  these  tints  may  be  referred 
to  three  distinct  substances,  one  of  which  ia  of  a  bine  or  rose 
colour,  while  tlie  other  two  are  yellow.  The  blue  or  rose  colour 
is  produced  by  a  compound  which  has  been  termeil  ci/anine,  the 
blue  tint  becoming  red  when  exposed  to  the  action  of  an  acid. 
Bed  llowcrs  have  been  observed  to  possess  a  juice  the  reaction  of 
which  is  acid,  whilst  in  blue  flowers  the  juice  is  neutral.  Cyanine 
may   Itc   obtained  iiom  the  petals   of  the  violet,   or  of  the  iris. 
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XamiMne  is  the  name  given  to  the  veUaw  matter  which  is  insoluli 
in  water :  the  petals  of  the  suollovrer  contain  xanthine  in  abundance* 
The  jellow  snbstanoe  which  is  eolnble  in  water  is  termed  xantheine : 
it  becomes  brown  by  the  action  of  alkalies,  and  mxj  be  obtained 
finom  the  yellow  dahlia.  None  of  these  bodiesy  howerer,  has  been 
i^lated  in  a  pure  condition^  and  there  is  considerahle  doubt  whether 
the  colours  of  the  flowers  of  diff^^ent  phmts  be  due  uniformly  to 
die  same  materials.  The  yellow  colouring  mattery  however,  are 
dearly  of  a  nature  different  from  that  of  the  blues  and  reds.  Many 
red  flowers  become  blue  and  green  as  they  wither,  but  they  nerer 
become  yellow.  Blue  flowers  are  also  sometimes  obserred  to  fade 
into  red  before  the  colour  disappeai^^  bol  they  nerer  become  yellow  ; 
and  on  the  other  hand^  a  yellow  flower  as  it  withers  nerer  becomes 
bine* 

Dfting  amd  Caliea  Primiing,  ' 

(1303)  Die  ^  M0rdmdM.—-Ot  the  Tanous  colouring  matterm 
used  in  dyeing,  some,  like  indi^  and  safflower,  are  capable  of  being 
penuanently  attached  to  the  &brie,  and  of  fiilly  communicating 
their  colour  to  it  without  the  interrention  of  any  other  substance^ 
and  hare  hence  been  termed  9mh$iamtm  coloufs  ;  but  the  greater  j 
number  of  the  colouring  matters  which  are  employed  in  the  arts 
are  remorable  by  washing.      Such   is  the  case  when   calico,    for 
example,  is  boiled  in  the  madder  rat,  or  when  fla&nel  is  heated  with 
iolbaoQ  of  cochineal.     Hence  it  beoofBies  neeesary,  in  order  to  ] 
fix  the  colour  upon  the  doth,  to  employ  -wmaoB  substances  which  i 
poaaess  a  strong  tendency  to  attach  tb«nselT»  to  the  fibres  of  the  | 
tescttnre,  and  to  combine  chemically  with  the  dye-stuff;  tlier  tkaa^ 
fimn  the  coonecting  link  between  the  two.      Bodies  employed  foTj 
^ia  purpose  are  called  miariamU^  and  the  colours  wliicli  require  an 
tieatment  are  termed  Ailj^rciRie  colours.  VaricMis  BMirdants  are  in  use  J 
some  being  better  adapted  to  oiie  dye,  some  to  anotlier.     Almmimu^ 
in  die  shape  of  a  mixture  of  alum  and  creani  cyf  tartar^  is  exten- 
sively employed  fiyr  wooUen  goods  and  far  silka;  for  calicoes 
acetate  of  ahamheia  (1169K  diluted  till  the  solution  him  tbe  sp.  gr. 
1-08,  is  much  cmpk>nM|»  «?«**%  tor  madder  dyeing       It  enm^ 
municates  to  cloth  impi«fitaled  with  it  a  brown  tint  in  the 
Tat>  if  coiicetittated.  and  a  red  or  |aaJk  if  more  dilnte. 

,'*T^*.  '^Ji^t^  r***  """"^  '■•'•^  «*?  it " 

appluil  m  tl»  ftwm  «f  |»o«MM«|»  «r  Jra^  w^efc  is  omiand  by 
dwaotruHc  iron  «K«jp»  or  nuh  to  «a««mtiM  ia  ctrane  acetic  acid 

amd  tiiM>  ««ilutuHi  i»  iWu  dkUu^l  uU  af  t^  mm.  mm.    , -ii-t     ' 

*M«  w  iM>  gp.  gr.  I'oc.      \\  Uei» 
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this  mordant  b  usml  it  is  applied  some  time  before  tljc  dotli  is  to 
be  dyed  ;  the  cloth  is  then  bmig  up  for  several  days  in  rooms  fitted 
up  with  open  lath  floors  and  lath  supports  provided  with  hooks, 
from  which  it  is  suspended  in  folds ;  the  air  thus  has  fre::!  acce^^s  to 
it,  and  the  protoxide  of  iron,  by  absorbing  oxygen^  is  converted  into 
peroxide,  which  is  precipitated  upon  the  cloth,  in  a  form  which  is 
insolnble,  owing  to  the  want  of  acid  to  neutralize  it.  In  tliis  form, 
without  any  further  addition  it  gives  a  bufl*  colour.  Oxide  of  iron 
ia  also  largely  iised  as  a  mordant,  both  for  madder  and  logwood* 
Peroxide  of  Tin  is  anotlier  vahiable  mordant ;  it  is  generally 
mixed  with  the  colour,  Ijoth  being  put  into  the  bath  at  once. 
Oxide  of  manganese,  oxide  of  chrome,  and  some  other  metallic 
oxides,  are  also  a[iplied  as  mordants  for  particular  purposes. 

{1304)  Di/ein^,— The  process  of  dyeing  generally  consists  in  the 
immersion  of  the  mordanted  goods  in  a  solution  of  the*  colouring 
matter,  tlie  temperature  of  which  is  gradually  raised  to  cbidlitiou 
by  the  injection  of  steam,  the  cloth  being  winced  through  the 
mixture,  by  placing  it  upon  a  revolving  spindle  or  windlass ; 
each  portion  of  the  clotb  is  thus  alternately  raised  out  of  and 
replunged  into  the  bath,  and  a  uniform  application  of  the  colour  to 
every  part  is  insured*  In  woollen  goods  the  richest  colours  are 
obtained  by  dyeing  the  yarn  previous  to  its  being  woven,  since  in 
this  form  it  absorbs  the  colouring  material  much  more  readily  than 
after  it  has  been  subjected  to  the  mechanieal^operation  of  weaving 
and  dressing ;  but  this  method  of  proceeding  is  more  ex|>ensive 
than  dyeing  in  the  piece. 

The  following  outline  of  the  process  adopted  in  dyeing  Turkey 
red,  abridged  from  the  account  given  by  Dr.  Thomson,  will  afford 
some  idea  of  the  complicated,  and  apparently  trivial  circumstances 
requisite  to  produce  a  good  dye  : — 

In  order  to  remove  the  weaver's  dressing,  the  cloth  is  first 
steeped  for  twenty- four  hours  at  120**,  in  a  weak  alkaline  ley,  con- 
taining 41b,  of  potash  to  every  loolb.  of  cloth.  It  is  then  boiled 
with  a  solution  of  carlionatc  of  soda,  after  which  it  is  digested  in 
an  imperfect  soap  ley,  composed  of  Gallipoli  oil,  sheep's  dung,  and 
a  mixture  of  pearlash  and  carbonate  of  soda,  in  quantity  much  too 
small  to  saponify  the  whole  of  tlie  oil.  This  oiling  is  repeated 
four  or  five  times^  allowing  the  cloth  to  become  dry  in  the  air 
between  each  immersion.  The  goods  are  next  subjected  to  the 
action  of  a  weak  alkaline  ley,  in  order  to  remove  the  excess  of  oil, 
and  to  prepare  them  for  the  operation  oi  galling.  Every  loolb*  of 
cloth  is  then  immersed  in  a  bath  containing  twenty-five  gallons  of 
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it  tlirougli  a  warm  solution  of  chloride  of  lime  the  clilorine  will 
be  disengaged  upon  the  spots  to  wliicli  the  aeid  was  applieri,  and 
the  colour  will  be  removed  at  these  parts  of  the  cloth  only.  If 
the  pattern  discharged  be  required  to  be  dyed  again,  the  acid  may 
be  mixed  with  some  suitable  mordant — siippovsc  it  be  acetate  of 
lead  ;  and  after  wa-sliing  out  the  solution  of  the  chloride  of  Hme,  the 
cloth  may  be  passed  through  another  liquid^  such  as  hicliromute  of 
potash ;  in  this  case  a  yellow  pattern,  due  to  the  formation  of  chromate 
of  lead,  would  he  produced.  In  some  cases  it  is  found  to  he  more 
convenient  to  mordant  the  wliole  cloth  in  the  first  instance,  and 
afterwards  to  discliarge  the  mordant  in  patterns.  Thus  a  piece  of 
calico  which  has  been  mordanted  by  means  of  a  mixture  of  alum 
and  iron  mordauts  may  be  discharged  in  patterns  :  by  putting 
citric  acid  upon  it,  the  mordant  will  be  discharged  upon  those  spots 
only ;  if  it  he  then  well  waslied  and  immersed  in  a  logwood  bath»  it 
will  eouie  out  dyed  of  a  brown  colour  in  every  part  except  the  places 
to  which  the  citric  acid  wa,^  apphcd. 

Occasionally  with  substantive  colours,  such  as  indigo,  what  are 
called  rcsht-pastes  are  used  :  if,  for  instance,  patterns  be  printe<l 
U|>on  the  cloth,  with  nitrate  of  copper  properly  thickened,  and 
the  goods  thus  prepared  be  passed  through  tiic  iiuligo  vat,  the 
Tutrate  of  copper  will  act  by  oxidizing  the  indigo  in  the  parts  to 
which  the  salt  is  applied^  aiul  the  dye-stuff  will  not  soak  into  the 
cloth  in  its  reduced  form  at  those  points :  hence,  the  colouring 
matter  may  be  readily  washed  away  from  the  spots  to  which  the 
resist-paste  was  applied^  whilst  it  remains  fixed  firmly  everywhere 
elae. 

A  peculiar  modification  of  the  mode  of  fixing  the  colours 
has  received  the  name  of  si  tarn  coifmr  sprint  ht(/.  For  steam 
colours  peroxide  of  tin  is  generally  employed  as  the  mordant. 
The  percliloride  of  tin  is  decomposed  by  an  excess  of  potash, 
which  dissolves  the  precipitated  oxide,  and  into  this  solution, 
when  pmperly  diluteib  the  cloth  is  dipped,  and  allowed  to  dry. 
After  tliis  it  is  immersed  in  very  dilute  sulphuric  aeid,  to  neu- 
tralize the  potash^  wliilsi  the  peroxide  of  tin  remains  attached  to 
the  fibre  :  the  coloui-s,  properly  thickened,  are  then  printed  on  in 
patterns,  and  the  whole  exposeil  to  the  action  of  steam.  At  this 
temperature  the  colour  combines  completely  witli  the  mordant, 
producing  a  brilliant  cfiect. 
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In  preparing  pyroligneoua  acid,  wood  wliich  contains  but 
little  resin  is  used,  and  the  condensation  is  more  complete.  The 
tar  is  of  a  dittcrent  kind,  and  contains  a  variety  of  products,  which 
have  been  already  enumerated. 

(1307)  Paraffin  (xClI),  Sp,  gr>  0870* — Amongst  the  solid  con- 
stituents of  tar  is  a  crystalline  substance,  which  comes  over  dm'ing 
tlie  last  stages  of  the  distillation.  It  fuses  at  1 10^,  and  at  a  higher 
heat  may  be  distilled  uuchanged.  It  is  insoluble  in  water,  but  is 
taken  up  freely  by  ether,  and  less  abundantly  by  alcohol  It 
burns  with  a  bright  flame;  candles  made  of  it  burn  like  those 
made  of  the  finest  wax.  The  strongest  acids  and  alkalies,  and 
even  chlorine,  unless  at  a  high  temperature,  are  without  effect 
upon  it ;  hence  it  has  received  the  name  of  paraffin  (from  parutn 
affiais).  The  bodies  termed  cerene  and  melene,  which  Brodie  ob- 
tained during  the  distillation  of  wax  (i  135),  are  very  similar  to  this 
substance,  and  contain  carbon  and  hydrogen  in  equal  atomic  propor- 
tions. It  is  probable  that  many  substances  termed  paraffin  consist 
of  a  mixture  of  several  polymeric  hydrocarbons,  which  form  the 
higher  terms  of  the  series  to  which  olefiant  gas  belongs.  ParafHn 
is  an  abundant  constituent  of  Rangoon  petroleum^  and  h  obtaiued  in 
considerable  quantity  from  the  products  of  the  distillation  of  peat* 

Paraffin  OiA— Amongst  the  products  of  the  distillation  of  the 
bittimiuiferous  substauce,  known  as  Bot/kcad  Cunnd  (note,  p.  98), 
id  a  lai'ge  quantity  of  an  oily  matter,  the  proportion  of  which  is 
greater,  the  lower  the  temperature  at  which  the  distillation  is 
cllectcd.  This  oil  is  almost  entirely  free  from  oxygon.  When  rec- 
tified, a  volatile  i>ortion  may  be  separated  from  it,  which,  according 
to  Ct,  Williams,  contains  several  of  the  radicles  of  the  alcohols, 
iuchidiug  tetryl  and  amyl.  The  compounds  which  eorac  over  at 
a  higlier  temperature  appear  to  belong  to  the  hydrocarbons  of  the 
form  of  (C^ll^)*  For  practical  purpo^scs  they  may  be  separated 
into  three  portions,  one  of  which  remains  liijuid  at  very  low  tem- 
peratures. The  second  portion,  which  is  distilled  at  a  higher  tem- 
perature, deposits  crystals  of  a  solid  hydrocarbon  (one  of  the  forma 
of  paraflirj),  when  exposed  to  a  great  reduction  of  temperature,  and 
the  last  portions  of  the  distillate  are  semi-solid  at  ordinary  tem- 
fjcratures.  It  is  obvious,  therefore,  that  the  products  of  the  distil- 
lation of  this  mineral  contain  a  mixture  of  several  substances,  the 
less  volatile  of  which  are  found  by  analysis  to  be  polymeric 
varieties  of  hydrocarbons  of  tlie  same  class  as  paraffin.  l^he  less 
volatile  liquid  portion  of  the  oil  is  extensively  used  under  the 
name  of  paraffin  oH,  for  the  purpose  of  lubricating  machinery,  to 
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which  use  it  b  admirahly  adapted,   since    it    docs    not 
oxidised  or  thickened  by  exposure  to  the   air,  and   it 
hot  itlowly* 

(1308)  Pyroitf  mid  C^$ene. — In  the  later  stage^i  of  the 
tillatton  of  fatty  and  of  resinous  bodies,  and  in  that  of  eual  tl 
yellow  |K>wder  is  sublimed,  which  contains  two  substancei^i,  ter 
by  Laurent  pyrene  and  chrynenc.  Pyrene  (Cj^ff^j)  is  solulil 
hot  ether,  and  may  be  separated  from  chrysene  by  meaii 
tiiia  aolvcnt»  which  at  a  low  temperature  deposits  it  in  M 
acopic  rhoraboidal  plates.  It  is  iosoluble  in  ^%ater,  anj 
destitute  of  odour;  it  fuses  at  about  350%  and  may  be  diafl 
unaltered.  Chrysene  {Cx%^\^)^t  is  a  crystalline  substance  \ 
beautiful  yellow  CDlour,  It  is  inodorous,  iusohible  in  water 
akohol,  and  only  slightly  soluble  in  ether :  Ixiiling  oil  of  tul 
tine  dissolves  it  more  readily  than  ether.  It  fuses  at  about  i 
and  is  partially  decomjiosed  when  distilled. 

(1309)  Pyro^vanthin  (C^jiIl^O^?  Gregory) .^ — This  suhdtane^ 
discovcreil  by  Scaulan  amongst  the  products  of  tlic  actio 
potash  upon  crude  wood-5>pirit.  When  crude  wood -spirit  is  1 
fied  with  lime  a  dark  brown  residue  remains  in  the  retort,  % 
when  treated  with  hydrochloric  acid  leaves  a  brown  S^ 
matter,  eotisisting  of  pyroxanthin  and  a  resinous  substaflii 
this  residue  be  boiled  in  alcohol  it  is  in  great  measure  disad 
and  crystals  of  pyroxanthin  arc  deposited  as  the  liquid  cools, 
crystallizes  in  long  yellow  needles,  which  are  insoluble  in  % 
and  in  alkaline  solutions,  but  soluble  in  hot  alcohol,  ethcTp 
acetic  arid.  It  fuses  at  291",  and  may  be  sublimed  in  a  cni 
of  air  at  273°.  If  it  be  sublimed  in  a  closed  tube  it  underi 
partial  decomposition.  It  is  soluble  in  sulphimc  acid  with  a  \ 
bluish  retl  colour,  and  in  hydi-ochloric  acid  with  a  fine  pu| 
which  soon  pai*ses  into  dark  bi'owu.  Pyroxantlnu  appears  K 
the  result  of  the  action  of  potash  upon  one  of  the  tar  oils^  wl 
Voelckcl  has  hence  termed  pyroxantho^en, 

(1310)  Eupion. — When  the  tar  of  hard  woods  is  submit 
to  distillation,  an  acid  liquid  comes  over,  upon  the  surface 
which  a  light  yellowish  oil  flouts ;  and  ou  continuing  the  disti 
tion  a  volatile  oil,  which  is  heavier  tlian  water,  passes  over,  ^ 
most  volatile  [M>rtion  of  the  lighter  oil  consists  pnucipully  <3 
hydrocarbon,  to  which  Kciclienbach  gave  the  name  of 
(C^Hj),  ip.  gr.  0*655.  ^^  \m\\^  at  116*,  Fraukland  c€ 
eupion  to  consist  piincipally  of  hydrfde  of  arayl. 

^fhe  less  volatile  portions  of  the  ligb 
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■ptone,  and  the  hydrocarbons  benzole,  toluol e,  and  xylolc  ;  tlicse 
liydrocarbons  may  be  removed  by  agitation  witli  sulidiuric  acid, 
with  which  they  forai  colligatecl  acids.  The  heaWer  oil,  whieli 
is  of  a  yellow  colour,  also  contains  small  quantities  of  the  fore- 
going componmls  :  it  is  partially  soluble  in  pottkili,  and  amorigi^t 
the  eonstituents  of  the  portion  which  thus  combines  with  the 
alkali  J  are  kreasote  and  kapnomor, 

(ijn)  Kreasote  (C^^U^^p^?  Gonip  Bcsancz;  or  CnjlIiyOj  = 
HO,  C|tjH/)  ?)  Sp.  ffr.  1*057  (from  Kpia^  flesh,  awj^cu  to  preserve). 
— Considerable  doubt  exists  as  to  the  exncl  composition  of  this 
interesting  snl^stance.  Much  of  the  kreasote  of  commerce  is 
simply  carl)olic  (phenic)  acid  ;  but  the  true  kreasote  of  Reichen- 
baeh  is  quite  a  distinct  body.  It  is  to  this  latter  substance 
that  wood-smoke  owcb  its  chai-actcristic  odour  and  antiseptic 
qualities. 

Pre/mration.—Tho  process  of  purifying  kreasote  is  tediotis 
and  trouljlesome.  The  lieavicr  portions  of  the  oil  obtained  frotn 
wood  tar,  after  being  washed  with  a  solution  of  carbonate  of  soda, 
are  submitted  to  distillation,  by  which  tliey  are  further  separated 
into  a  portion  hgliter  than  water,  and  into  another  which  sinks 
in  this  liquid.  This  heavier  oil  is  then  treated  with  a  solution  of 
potash  of  sp,  gr.  ri2.  By  this  means  the  kreasote  is  dissolved, 
and  the  greater  part  of  the  hydrocarbons  which  accompanied  it 
are  sepamted.  Tlie  alkaline  soliitton,  after  being  decanted  from 
the  hydrocArboufi,  is  lK>iled  gently  in  an  open  basin,  witli  a  view 
to  oxidize  a  portion  of  tlie  impnritiea.  When  cold,  dilute  sul- 
phuric acid  in  slight  excess  is  added  to  the  liquid,  by  wliich  means 
the  kreasote  is  set  at  liberty.  It  is,  however,  far  from  being  pure, 
and  must  be  redistilled  with  water,  again  treated  with  courciit rated 
solution  of  potash,  then  with  ddutc  sulphuric  acid,  and  tlien 
rcdistilleil  with  water.  This  series  of  opeiations  is  to  be  repeated 
so  long  as  any  separation  of  hydrocarbons  is  effected  Lastly, 
the  kreasote  must  be  digested  upou  chloride  of  calcium,  and  dis- 
tilled by  itself.  It  may  be  regarded  as  pure  if  its  boiling  jjoiut  be 
constant  at  398^,  atid  if  it  doea  not  become  brown  when  kept  * 

Properties, — ^Krcasote,  when  pure*,  is  a  colourless  oi!y  liquid  of 
high  refnictive  power;  it  boils  at  398°  (Reiclienbach).  It  is  not 
easily  inWamed,  but  wheu  kindled    it  burns  with  a  smoky  flame, 

*  By  loriK  boiling  wit1i  potank  the  kreasote  appears  to  undergo  oxidation, 
a  portion  of  vt^  bvdrogcn  being  removed,  whiUt  the  (pianttty  of  oxygen  ia 
iucrt^aaed  (Oorup  Beaanez), 
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Its  taste  is  burning,  and  its  odour  extremely  pungent  and  pecu- 
liar ;  if  swallowed  in  doses  of  more  tliau  a  few  drops  it  acts  as 
a  poisoo.  Kreasote  is  sparingly  soluble  in  water,  to  wliich  it 
communicates  its  peculiar  odour  and  punp^cnt  taste.  It  is  soluble 
freely  in  acetic  acid,  alcohol,  and  etber,  as  mcII  as  in  benzole  and 
bisulplnde  of  carbon.  It  combines  with  potasli,  and  forms  a  crys- 
talline compound  with  it;  solution  of  ammonia  also  dissolves  it. 
Kreasote  produces  the  immediate  coagulation  of  albumen.  It  is 
tlie  most  powerful  antiseptic  known,  ^fcat  that  has  been  pbmged 
into  a  solution  containing  i  per  cent,  of  kreasote  gradually  be- 
comes dn,'  and  hard  on  exposure  to  the  air,  and  acqnii*es  the  flavour 
of  smoked  meat,  but  docs  not  become  putrid.  A  considerable 
portion  of  kreasote  is  held  in  solution  in  the  crude  pjToligneoiis 
acid  obtained  during  the  destructive  distillation  of  wood  ;  and  on 
saturating  this  acid  at  167°  mth  sulphate  of  soda,  an  ody  matter 
which  contains  a  large  proportion  of  kreasote,  is  separated.  Crude 
pyrol igneous  acid,  on  aeeount  of  the  kreasote  which  it  contains, 
is  frequently  employed  for  preserving  liaras  and  salted  provisions, 
to  which  it  communicates  the  same  flavour  as  if  they  had  been 
exposed  to  wood  smoke. 

Kreasote  when  largely  diluted  is  sometimes  given  internally  in 
order  to  check  obstinate  vomiting.  If  applied  in  a  concentrated 
form  to  the  exposed  pulp  of  a  carious  tootb,  it  frequently  aflbrds 
instant  relief  in  cases  of  acute  toothache.  It  is  also  a  valuable 
application,  in  a  very  diluted  form,  in  some  cases  of  foetid  uleera, 
and  in  many  cutaneous  affections.  If  applied  to  the  skin  in  a  cou- 
cenlrated  state  it  produces  a  white  spot,  tbc  skin  becomes  dis- 
organized, and  peels  off  witliout  any  attendant  inflammation. 
Kreasote  dissolves  many  organic  bodies,  such  as  camphor,  the 
fatty  and  volatile  ods,  and  many  of  the  resins. 

It  is  not  improbable  that  kreasote  may  be  a  bomolos^ie  of 
phenic  acid,  and  that  its  true  formula  may  he  C,flHioOa.  Pbcnic 
acid,  when  decomi>osed  by  a  mixture  of  chlorate  of  potash  and 
hydrochloric  acid,  yields  pcrcldorokinone  or  cblorauilc  (1127). 
Kreasote,  when  treated  in  a  similar  manner,  furnishes  a  resinous 
mass,  wbicb  alter  digestion  with  cold  alcohol,  leaves  a  com- 
pound resembling  chlorauile  in  appearance  and  properties 
(C._jgH^tCIeOfl?  Gorup  Bcsanez).  This  new  body  crystallizes  ia 
lirilliantj  golden  yellow  plates;  it  is  insoluble  in  water,  sparingly 
soluble  in  cold  alcohol,  and  freely  soluble  in  ether  i  it  may  be  sub- 
limed at  about  360",  Gerbardt  has  shown  that  the  more  probable 
formula  Cigll^Cl^O^  corresponds  equally  well  with  the  residts  of  its 
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aiialy&is,  and  iii  that  case  the  compound  would  be  liomologous  with 
cldoraiiile,  aufl  would  contaiu  2  {C^fl^)  roore  than  the  latter  body. 

{1312)  Kapuomor  (Cj^jH^jO.^?  Voclckel ;  from  Kairvm:  smoke 
and  fiolpa  a  part) ;  Sp,  gr\  0*995. — This  is  a  colourless  oil  of  pecu- 
liar odour,  which  boils  at  alxjut  360^.  It  is  insoluble  in  water  and 
in  a  solution  of  potash,  bnt  it  is  partially  siohible  iu  an  alkaline 
solution  of  kreasotc*  It  is  soluble  in  sulphuric  acid  with  a  pur- 
plish red  colour,  and  forms  with  it  a  collii^atcd  acid.  Nitric  acid 
converts  it  into  oxalic  and  carbazotie  acids,  and  another  crystallized 
body  w^hich  has  not  been  examined,  Kapnomor  1%  obtained  by  disi- 
tilling  the  crude  solution  of  kreasote  in  potash  with  water :  it 
passes  over  with  the  vapoiu*  of  water. 

Reichenbach  has  described  various  other  compounds  from  tar, 
under  the  nanicB  of  piilaca!^  a  solid  compound  of  a  deep  blue 
colour;  o^  pica  mm\  an  oily  bt>dy  of  sp.  gr.  no,  which  has  a  very 
bitter  taste,  and  forms  a  crystalline  compomid  with  potash  ;  and  of 
cedrirefy  which  crjstjdlizcs  in  oi*ange-red  needles  from  a  solution 
of  persulphate  of  iron,  and  is  dissolved  with  a  blue  colour  in  oil  of 
vitriol ;  the  properties  of  all  these  bodies  have,  however,  been  but 
incompletely  examined* 

(b)  Products  of  the  DlstUlaimi  of  Pit* coal. 

(1313)  The  products  of  the  distillation  of  pit-coal  are  still 
more  numerous  than  those  of  wood ;  and  they  are  invested 
with  a  special  interest,  owing  to  their  intimate  connexion  with  the 
mannfacturc  of  coal  gas. 

When  a  bituminous  coal  is  burned  in  the  open  air,  tlie  prin- 
cipal products  of  the  combustion  are  carbonic  acid  and  water, 
with  small  quantities  of  ammoiua  and  sulphurous  acid,  derived 
troni  tlic  azotised  constituents,  and  the  pyrites  contained  in  the 
coal ;  a  certain  portion  of  carbon  in  a  finely-divided  form  escapes 
combustion,  and  constitutes  tlie  soot  or  visible  smoke  of  a  coal 
fire,  ^^"hen  the  decomposition  of  tlie  coal  is  eiFeeted  in  vessels 
from  which  air  is  excluded,  the  products  are  much  more  inmie- 
rous  and  complicated.  A  large  amount  of  volatile  matter  is 
expelled,  partly  in  the  form  of  uiieon  den  sable  gases,  and  partly  in 
the  form  of  vapours,  which,  when  reduced  to  the  ordinary  tem- 
perature of  the  air,  eoustitute  liquitk  or  solids,  whilst  a  large  pro- 
portion of  the  combustible  material  remains  behind  in  the  retort, 
and  forms  a  light  porous  variety  of  coke,  known  as  ffas  coke, 

An^ongst  tlie  gaseous  products  the  most  important  arc  marsh 
ms,  oletiant  gas^  hydrogen,  carbonic  oxide,  crirljonic  aeid,  sulplm- 
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retterl  liydrogcn,  and  ammonia.  The  liquid  portions  contain  watcf, 
and  various  forma  of  hjdrocarljon,  such  as  benzole,  toluole,  and 
curaole,  which  coustitutc  the  cITicf  ingredients  of  the  liquitl  termed 
coal  naphtha  ;  besides  which  there  is  a  large  (|imntity  of  a  dark 
tiscons  matter^  known  as  coal  iar,  the  nature  of  which  will  be 
more  particularly  considered  liereaftcr  (1315). 

Wlicn  coal  gas  ia  to  be  employed  for  the  purpose  of  ilhimi- 
nating  the  interior  of  a  dwelling* house^ it  is  not  sufficient  to  condense 
the  tar,  l!ic  water  and  other  hqnitl  products,  but  it  becomes  neces- 
sary to  remove  a  number  of  gaseous  compounds  before  it  can  be 
burned  with  comfort,  or  even  with  safety  to  the  health  of  the 
inmates.  The  impurities  of  which  it  is  of  most  importance  to  deprive 
it  are  sulpliuretted  hydrogen  and  ammonia  ;  in  addition  to  which 
carbonic  acid  and  a  snudl  quantity  of  cyanogen  are  always  removed 
during  the  purifieatioTU  This  purification  is  effected  by  sub- 
mitting  tlic  ga^s.to  the  action  of  certain  cliemioal  agents,  sucli 
lime,  ijydratcd  oxide  of  iron,  and  dihite  sulphuric  acii 

Tlie  ilhiminating  power  of  coal  gas  is  due  ebielly  to  light  ear- 
burctted  hydrogen,  olefiant  gaSj  and  to  a  small  quantity  of  the 
vapour  of  naphtha  and  other  volatile  liquefiable  compounds  of 
carbon  and  hydrogen.  Tlie  hydrogen  and  earbonic  oxide  are  not 
only  dciittitute  themselves  of  any  illuminating  power,  but  they 
reduce  the  light  of  the  gas  with  which  they  are  mixed  :  there  is 
however  no  means  of  getting  rid  of  these  useless  gases ;  care 
should  therefore  be  taken  to  produee  as  small  an  amount  of  them 
as  possible  during  the  process  of  carbonization. 

(13 14)  Mmmfaeiure  and  Fmificaihn  of  Coal  Gas. — The 
earliest  attempts  at  illumination  by  raeims  of  coal  ga^  were  made 
by  Mr,  Murdoch,  during  his  residence  in  Cornwall,  about  the  year 
1792,  and  lie  subsequently  further  earned  out  his  plan,  so  as  to 
illuminate  a  large  portion  of  the  mauntaetory  of  Bouiton  and 
Watt  at  SuliOj  at  the  celebration  of  the  peace  of  Amiens  in  1802. 
Ten  years  afterwards  the  Chartered  Gas  Company,  which  made  the 
first  great  experiment  of  lighting  the  streets  by  gas,  was  incor- 
porated; and  from  that  day  to  the  present  the  employment  of  gas 
as  a  convenient  and  economical  means  of  illumiuatiou  has  been 
steadily  increasing*  At  the  present  time  every  large  manufac- 
turing town,  and  many  of  the  smaller  towns,  in  Great  Britain  are 
lighted  by  gas,  and  the  use  of  gas  is  general  in  the  principal  cities 
of  the  Continent, 

The  proportion  in  which  the  different  products  of  the  distil- 
lation of  coal  are  obtained^  varies  greatly  according  to  the  kind 
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of  coal  employed,  and 
the  temperature  at  which 
the  distillation  is  con- 
ducted. The  coal  best 
suited  to  the  maiuifacture 
of  gas  for  ilKimiriating 
purposes  is  of  the  variety 
known  as  bituminous 
{951).  Anthracite  is  unfit 
for  this  use.  The  kind 
of  coal  cinployed  in  Lon- 
don for  gas  making  is 
principally  that  of  the 
Durham  coal  ficld^  or 
Newcastle  eoah  A  ton 
of  good  coal  of  this  de- 
scription yields  on  an 
average  in  London  about 
9250  cubic  feet  of  gas 
of  sp,  gr.  of  0*4 1  Oj  and 
furnishes  nearly  a  clial- 
dron  of  coke  weighing 
about  13  cwt.  In  coking, 
from  20  to  35  per  cent, 
of  fuel  in  proportion  to 
the  coal  used  {according 
to  the  judgment  used  iu 
const rueting  the  furnace) 
is  employed.  The  Scotch 
coals  funiish  a  gas  of 
much  higher  illuminating 
power  than  that  of  tlic 
Kewcastlc  coal^  and  of 
greater  specific  gravity, 
owing  to  tlic  presence 
of  a  larger  proportion 
of  the  vapours  of  the 
volatile  liydroearbons, 
though  the  qtiantity  is  a 
little  smaller,  and  the 
coke  produced  is  of  uji 
jeriur  quality. 
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Fig.  337  gives  a  general  view  of  the  arrangement  of  the 
apparatus  required  in  the  manufacture  and  purification  of  coal 
gas,  and  the  following  is  an  outline  of  the  proeess  adopted  : — 

Pit  coal  is  heated  in  hollow  flatteued  cvlinders  of  imn 
or  clay  a  b^  set  in  stacks  of  three  or  five,  arranged  in  long 
brick  furnaces,  a  a.  The  months,  c  c,  of  these  cylinders  or 
retorts  project  from  tlic  brickwork,  and  are  fitted  with  moveable 
lids,  which  can  be  closed  air-tight  by  means  of  clay  luting.  From 
the  upper  side  of  the  pryjeetiug  extremity  of  each  retort,  a  tube,  f/, 
for  the  conveyance  of  the  gas,  passes  verti evilly  upwards  for  a  few 
feet,  then  forming  an  arch,  dii)«  downwards,  terminating  at  e, 
beneath  the  level  of  the  liquid  contained  in  a  long  and  wide  pipe, 
f,  called  the  hydraulic  main,  whicli  pai^scs  horizontally  along  tlie 
front  of  tlie  range  of  furnaces.  Tliis  pipe  is  kept  constantly  half 
full  of  tar  and  condensed  moisture.  By  this  means  the  opening 
into  each  retort  is  efteclually  closed  by  a  water  valve,  which 
permits  a  charge  to  be  drawn  and  renewed  in  any  one  or  more 
retorts,  without  interfering  with  the  operation  of  tliose  which  ai'e 
still  in  action.  The  tar,  as  it  aecumulatea  in  tlie  hydraulic  main, 
flows  over  into  the  tar  welh,  h,  i.  In  about  four  hours  after 
charging  the  retort,  the  coal  will  have  given  off  nearly  all  its  gas, 
and  a  fresh  charge  of  coal  will  be  required  ;  but  it  ia  not  an  unusual 
practice  to  charge  the  retorts  only  at  intervals  of  six  hours,  siuce 
the  gas,  though  poorer  in  quality,  is  increased  in  quantity,  and  tlie 
coke  is  improved  by  longer  heating.  When  a  charge  is  to  be  drawn, 
the  month  of  the  retort  is  opened,  and  the  coke  raked  into  large 
iron  boxes,  in  which  it  is  extinguished  by  pouring  water  over  it 
A  fresh  supply  of  coal  is  then  introduced  by  means  of  a  long 
scoop,  so  that  the  whole  of  the  required  quantity  of  coal  is  placed 
at  once  upon  the  floor  of  the  retort,  which  is  at  a  bright  red 
heat.  The  door,  which  has  been  prepared  with  fresh  luting  upon  its 
edgeSj  is  instantly  replaced,  and  the  distillation  proceeded  with.  lu 
large  gas  works  the  retorts  are  so  arranged  that  a  fresh  set  shall 
require  charging  every  hour,  in  order  that  the  gas  which  is  produci^d 
shall  at  all  times  be  nearly  uniform  in  quality.* 

Having  dcpositetl  in  the  hydraulic  main  most  of  the  tar  aiul 
some  water,  containing  in  solution  a  good  deal  of  ammonia  and 
hydrasnlphate  of  ammonia,  the  gas  passes  next  through  the  pipe,  ^, 


•  The  gaa  Erst  given  off  is  the  best,  and  nlso  the  largpat  in  qaantity,  the 
coqI  not  having  had  time  to  riwp  to  the  full  temperature  of  the  retort  If  ihe 
phsir|Te  bo  exposed  to  hont  for  five  hours,  much  of  the  gaa  id  the  ]mt  hour 
II  nd  a  hiiir  coimista  of  hydrogen  and  carbon  it?  oxiile,  ike  coal  havini:  herome 
thoroughly  red  hot  thrmighmit.  The  following  details  i\ili  illufitriite  these 
poiutH*     l\^obiishuls  of  cuDnel  eoal,  or  ihe  usual  cliitrge   of  a   modtjfatttly- 
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I  to  tlie  refrigerators  or  condensers,  jj\  a  series  of  scrpetitinc  or  con- 
torted tulj€«j  wliioli  are  kept  caul  by  the  extent  of  surface  whicli 
they  expose  to  the  air,  and  the  teniperatore  of  wliich,  when  neees- 
sary^  may  be  reduced  still  furtljcr,  by  allowhi^  cokl  water  from  tlie 
cistern,  k,  to  flow  over  tlieir  exterior  :  bcrc  most  of  tlic  remaining  tar 
and  aqueous  vapour  become  separated.  From  the  condenser  the  gas 
passes  to  the  Hme  purifierSf  l  l',  whick  consist  of  cast-iron  vess^els 
containing  a  number  of  horizontal  perforated  shelves,  m  m,  arran^^cd 
one  above  another ;  upon  these  shelves  dry  slaked  lime  is  placed, 
to  the  depth  of  about  five  inches.  The  gas  enters  at  the  bottom 
of  the  purifierSj  and  rises  on  one  side  through  cacli  layer  of  lime 
in  succession,*  descending  on  tlie  other  side  of  the  purifier  till  it 
makes  its  exit  at  n.  In  these  purifiers  the  gas  loses  carbonic 
acid,  sulphuretted  hydrogen,  sulpho-cyanogen,  cyanogen,  and  traces 
of  naplitlialin  which  are  still  suspended  in  it ;  finally  it  is  caused 
to  pass  in  bubbles  through  dilute  sulphuric  acid,  with  the  riew  of 
removing  the  la^t  portions  of  ammonia ;  but  this  part  of  the  appa- 
ratus is  not  represented  in  the  figure. 

In  many  works  the  process  of  washing  with  acid  is  superseded 
by  the  use  of  an  apparatus  termed  a  scrubber^  consisting  of  a  tower, 
tlie  interior  of  which  is  filled  with  small  coke  resting  upon  per- 
forated shelves  ;  through  this  mass  of  porous  material  a  constant 
supply  of  fresh  water  is  maintained,  and  by  this  arrangement  the 
gas,  which  enters  at  tlie  bottom  of  the  tower,  is  exposed  to  a  large 
absorbent  surface,  and  the  ammonia  is  effectually  removed.  This 
washing,  however,  somewhat  diminishes  the  illuminating  powder  of 
the  gas,  by  removing  a  portion  of  the  vapom*  of  some  of  the  more 
condensable  hydrocarbons  which  are  held  in  suspension. 

A  mixture  of  hydrated  oxide  of  iron  and  moistened  saw-dust 
is  now  extensively  substituted  for  alaked  lime  in  the  purifier  (636) ; 

sixed  retort*  were  carhoni?ted  at  a  full  cherry-red  heat,  aad  the  quantity  of 
ga8  prgducetl  wua  as  fuUowd  :  — 

Cubic  FeeL  Bp.  Or. 

In  the  first  hour     .     .     .  345  .     , 0677 

2nd  ,..,....  203 0*419 

3rd 118 0*400 

4th 54 o'3" 

5th .  20 

Hie  gaa  amounted  in  nil  to  740  cubic  feet;  but  it  will  he  observed  that 
the  quantity  of  giis  f>eT  liour,  as  well  fts  the  specific  gravity,  continued  to 
diminiah  as  the  esperinient  proceeded.  This  wm  due  to  the  diminution  in 
quantity  of  the  vapour  of  the  heavy  hydrocarhons,  and  the  increaee  in  the 
amoimt  of  free  hydragen. 

•  Soinetimei  the  hme  is  made  into  a  thin  ereara  hy  arfrnixture  with  water, 
and  the  g»s  is  caused  to  eircam  in  hubhk*B  through  the  mixture,  but  generally 
the  liaae  is  employed  in  the  Ibrni  of  a  eiighUy  damp  x>o^  der. 
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Ivarious  other  fiub^tauces    arc   also   occasionally    employed    witli 

la  >Hew  of  effectually  arrest iug  the  suli>huretted  and  amniouiacal 

I  impurities.     The  gas,  after  it  has  been  thus  purified,  is  stored  up 

far  use  iu  immense  reservoirs  or  gasometers  of  metal,  p,  each  eou* 

!  sisting  of  a  large  bell  of  sheet  iron,  inverted  in  a  brickwork  tank,  q, 

filled  with  water,  iu   which  tlie  bell   rises  and   falls.      The  bell  is 

nearly  conntLTpoised    by  weights  attached  to   chains,  which  pass 

over   pulleys   suitably  supiKirted.      Tlie   pressure,  which   is    not 

usually  allowed  to  exceed  that  of  a  enlumu  of  water  two  or  three 

inches  in  height,  drives  tlie  gas  along  the  pipes  or  main,  o  o,  by 

which  it  is  distributed  to  the  various  consumers. 

In  the  foregoing  process  one  of  the  points  of  greatest  import- 
ance is  the  dtic  regulation  of  the  temperature  durirxg  the  distilla- 
tion. The  retorts  shcjuld  be  heated  to  a  bright  cherry -red.  If 
they  be  iusulhciently  heated,  the  products  con  tain  a  large  quan- 
tity of  the  va]umrs  of  condensable  hydrocarbons,  which  collect  in 
the  gasometers  and  the  distributing  pipes,  and  occasion  much 
loss  and  incouvcnience ;  whilst  if  the  temperature  be  too  high,  or 
if  the  gas  after  its  production  be  allowed  to  remain  long  iu  eon- 
tact  with  the  highly  heated  surface  of  the  retort,  it  undergoes 
partial  decomposition  ;  a  portion  of  it^  carbon  is  deposited  and 
forms  a  dense  layer  upon  the  interior  of  the  retort,  which  it  gra- 
dually chokes  up,  and  at  the  same  time  the  ilium iuating  power  of 
the  gas  is  proportionately  diminished  by  the  loss  of  this  eaHx)n. 

In  adtlition  to  this  iuconvenieuce,  bisidpbidc  of  carbon  is  apt 
to  be  formed  in  snuiU  quantity  if  the  distillation  l>e  conducted  at 
too  high  a  temperature,  and  no  means  are  as  yet  known  by  >vhich 
this  body  can  be  removed.  When  gas  which  contains  this  im- 
purity is  burned,  it  gives  rise  to  tlie  production  of  a  minute 
(juantity  of  sulphuric  acid,  which  gradually  accumulates  on  the 
furniture  of  tlie  building,  on  the  bindings  of  books,  &c.j  aud  slowly 
corrodes  and  otherwise  injures  them. 

(1315)  Vompounds  of  (.b(//-/ar,— Coal-tar  varies  in  density  from 
1*120  to  1*150  ;  the  lightest  tar  containing  the  largest  proportion  of 
liquid  oils.  Of  the  substances  contained  in  coal-tar  some  are  basic, 
aud  some  acid,  but  the  principal  portion  consists  of  ucutral  or  iu- 
dilferent  bodies. 

The  bases  include  ammonia,  aniline,  picoline,  quinoline,  and 
pyridine,  (1064  el  seq)  Among  tlie  acids,  the  acetic  is  present  in 
small  amouutj  but  the  most  important  is  pheuic  acid,  the  carbolic 
acid  of  PLUuge,  This  chemist  als  i  mcntious  two  other  acids, 
termed  rosulic  aud  brunollc  acids,  which  bceu  minutely 

examined. 


DJSTILtATION  OF    COAL-TAR. 


SSI 


I 


The  neutral  substances  contain  several  hydroearbonSj  iuclittU 
lag  benzole,  toluole,  cumole,  and  cymole,  which  are  among  ihL^ 
liquid  constituents;  whilst  iiaphthuliii,  paranaphtbalin,  clu'ysene, 
and  pyrene  are  amoug  those  which  arc  solid  at  ordinary  tem- 
peratures. 

The  distillation  of  coaKtar  is  conducted  on  an  extensive  scale, 
as  a  separate  branch  of  trade.  The  operation  is  performed  in 
large  iron  retorts  npon  qnautities  of  several  hundred  gallons  at  a 
time.  The  first  portions  tliat  are  volatilized  consist  chiefly  of 
ammonia  accompanied  by  some  permanent  gases  which  have  been 
dissolved  by  the  liquid  liydrocarbons.  As  the  temperature  rises, 
water  charged  with  various  aoimoniacal  salts  comes  over,  and  a 
foetid  brown  oil  gradually  collects  upon  the  surface  of  the  w  ater  iu 
the  receiver.  As  the  distillation  proceeds,  water  ceases  to  come 
over,  and  tlie  quantity  of  this  oil  increases,  its  density  contiuning 
to  augment  nutil  its  specific  gravity  exceeds  lliat  of  water.  The 
light  oil  amounts  generally  to  from  j  to  lo  per  cent,  of  the  tar. 
This  lighter  oil  when  rectified  constitutors  vou!  naphiha.  By  con- 
tinning  the  distillation  a  yellow  heavy  fcetid  oil,  tecliuically  krmwn  as 
dead  oii,  is  obtained, the  amount  of  which  seldom  exceeds  30  per  cent, 
of  the  quantity  of  tar  employed.  In  tlte  latter  stages  of  the  opera- 
tion, na[)hthalin  is  abundant  in  the  distillate,  and  the  oil  becomea 
iemi-solid  as  it  cools.  The  bhtck  residue  in  the  retort  solidities  on 
cooling,  and  forms  pitchy  w  liich  is  employed  in  t!ie  preparation  of 
asphalt,  and  as  a  colouring  ingredient  iu  the  production  of  a 
coarse  black  vaniish,  used  for  protecting  iron-work  from  rust. 
If  it  be  desired  to  carry  the  dii^tillation  further,  a  much  higher 
temperature  is  requu'ed,  when  the  ])itch  in  its  turn  undergoe^  de- 
composition, and  yields  a  product  which,  when  cool,  has  the  con- 
sistence of  butter  ;  it  consists  chiefly  of  paranaphthalin.  At  a 
Btill  more  advanecnl  stage  of  the  process,  the  distillate  acquires  a 

low  colour,  and  assumes  the  appearance  of  a  resin,  mu\  as  the 
temperature  of  the  retort  approaches  a  red  heat  the  vapours  produced 
become  condensed  in  the  form  of  a  bright  orange-coloured  powder 
which  is  free  from  odom*,  and  when  pressed,  agf^lutinates  into  a 
viscous  mass.  This  substance  consists  chiefly  of  tlie  chryscne  and 
pyrene  of  Laurent.  The  residue  in  the  retort  after  it  has  cca«ied 
to  give  oflf  volatile  matters,  forms  a  hard  porous  coke  which  is 
difficult  of  combustion. 

The  heavy  coal  oil  is  seldom  submitted  to  further  purification* 
It  contains  phenic  (carbolic)  acid,  aniline,  qninoline,  and  a  variety 

t  bodies,  coasiBting  chiefly   of  hydrocarbons,  which  boil 
T  111*                               u  y 
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iinole,  was  found  by  Cahours  among  the  products  of  the  distil- 
fttiou  of  wood. 

It  would  be  easy,  in  connexion  with  these  hydrocarbons,  to 
Drm  a  table,  of  which  the  following  is  a  fragment,  constructed  on 
lie  same  principle  as  that  given  at  pp.  32  and  ^;^.  The  com- 
3unds  of  the  various  series  of  which  it  consists,  with  the  excep- 
ion  of  the  derivatives  of  benzole,  have  beeUj  howeverj  only  inconi. 
letcly  examined  :■ — 

Hotmlogotis  Derivatives  of  Coal-tar  Hydrocarbom. 


Hydnde. 


Beiixole^ 


Totuolo. 


Otmiole. 


Cymole. 


Cblonde. 


CblorobettAole 


Nitro-ooisipouiid 
C^H*_„K0, 


eblorotoluole     iritjno-t4>luolea       IHnitrololDiile. 


C,.II„Cl   ,   C„H„NO.       C„e.(NO,}, 


Kitro-tjrlakr, 


c,.a„No, 


Nitro-viudjole. 


C,tH,„  NO, 


NJtro-cymole. 
C,oH,„NO, 


DiDttro-eotnpM. 


DtEiitr&braiolci^ 


C,.H.(NO^.        C„H„  H.N 


DinJ^KMmfiiole. 


Amide-bMe. 


Aniline;. 


Tolujdm*. 


XrLiilinc. 
C,.H.,  H.N 


Ctm^^dine, 


*^i«Hij|HtW 


Cyn)idiDe» 


C«H,^H,N 


Add. 


Phenic  Add, 
H0,C„H^  6 


Kr««jtro  Aoid. 
HO,C,,H„0 


Kr^ABote  {f) 


HO,C„H^O 


The  hydrocarbons  enumerated  in  t!ie  first  column  of  the  fore- 
going table,  are  supposed  to  be  hydrides  of  particular  radicles. 
Tliese  supposed  radicles,  viz.,  phanjl  (CiaHs)^,  toluyl  {Ci^lif)^^ 
aryhjl  (CjeH,,)^,  amimjl  (CihIIhI^,  and  ajminy!  [(^t^^^l:s)^t  ^^^.ve  not 
hitherto  been  isolated.  Tlieir  oxides^  wbieli  would  correspond 
to  the  ordinary  ethers,  are  also  unknown  \  compounds,  however, 
have  been  formed,  wliieh  appear  to  contain  oxide  of  phenyl  in 
combination  with  aeid&.;   suc!i^  for  example,  as  the  following:— 


Benzoate  of  phenyl 
A  ret  ntf  of  phenyl  . 
Phosphate  uf  phenyl 
Cummatc  of  phenyl 


CijHjjO,  ChH^O-       Laurent  and  Gerhardt. 


iamnon    inid 
Lij^liiim, 


Benzole  is  a  com^md  of  considerable  interest  and  importancGt 


o  o 


Vit  ihil 
of  ite  doTTv 

pfDOffd  ft 


If  espofcd  ini 
like 
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T  ul»i(;b  it  may  be  obtained  pure  by  red ist illation.  Benzoic  acid 
aljoiit  a  third  of  its  weight  of  benzole.*  When  benzole  is 
'required  in  corisidernblc  quantity,  it»  chcnpest  source  is  coal 
naphtha,  although  on  a  Ktnall  neale  it:^  purification  i«  tedious. 
JWannfield,  sifter  purifying  it  by  repeated  rectiti cations,  takes 
1  vantage  of  its  power  of  Bolidifyiug  at  32**/ in  order  to  free  it 
from  the  Ijydraearboiis  whicli  accompany  it,  and  which  remain 
lifpiid  at  that  trniperatnrc.  By  operating  in  this  way  upon  two 
K.gallous  of  naphtha,  a  pint  of  pure  benzole  wan  procured. 
I  f'3*^)  Htjdrnrarhwtjt  homohtffm»  with  Benzole. —  Tohioie,  or 
mtenzocne,  is  one  of  the  products  of  the  distillation  of  balsam  of 
I  tc)lu,  and  it  appears  to  be  identical  with  the  rctinaphtha  obtained 
Bby  Pelletier  and  Walter,  from  the  distillation  of  rosin  (1253)* 
WXyhie  wan  found  by  Cuhours,  mixed  with  toluole^  cumole,  and 
Heymole,  among  the  oils  which  are  separated  from  crude  wood 
P^ spirit  by  the  addition  of  water,  Cumole  may  also  l>e  obtained  by 
the  diislilbitiini  of  ctnniiiie  acid    with   an  exccei  of  qtiiekiime :  it 

Ifbppeartt  to  be  identical  with  the  retinyl  of  Pelletier  and  Walter. 
Ct/mole  is  present  in  e^i^ence  of  cunimiu,  an^l  it  may  also  be 
obtained  by  distilling  camphor  with  anhydrous  phusphorie  acid,  or 
with  chloride  of  zinc,  Theae  liydrocarlx)nfl  are  not,  however,  of 
iuiriciont  importance  to  require  any  lengthened  description  in 
thin  \V(H'k.  In  the  folhiuiiig  tabic  their  boiling  poiuta  and  densities 
■  are  eompured  with  thone  of  benzole: — 


VanMMi 

Onrity. 
V^potur. 

Benzoic    ,     , 
Tohiolti    .     , 
Xylolc     .     . 
Curnolo    *     . 

085 
0-87 

0861 

3'ao 

3-96 
4'59 

•  ff  l>c»i!KO}ite  of  limo  ho  iliHiilIrd  with  or»o-teiith  of  its  wei^Ut  ofquTrkHme, 
it  yiclils  n  rerl  liquiil  \vliich»«  lion  submiltrd  to  nHiitttilliitioii,  firnt  yiokln  hvnzole  ; 
HTid  whi'Ti  ihe  tcm|H'riiturt»  ri«cB  to  Ti'J'J  a  compouml  termed  bcnsv*f»/uttone 
(C|jlf,,  CiJI^O,)  pfis*i»H  liven  this  sul>siAnre  ou  cooling  Buliflities  into  a  mnsa 
afsti'ttw  yi'lU'W  ery«iul>*,  whtih  mnv  liepiiriHiNi  t>j  r eery stalUznt ion  from  elli*^r. 
Whtni  ptiro  it  fornuH  brrtntiri»lci>linine»s  er^^aliils.belon^^in^  to  the  oblique  system. 
It  idoUh  at  115",  and  boils  tit  599" ;  it  hm  nn  ajL;rei'iible  ethereal  oJour  Beii- 
zophoaoiio  may  he  re^jarded  tm  beitzok**  in  whieli  tljc  pbiee  of  an  equiviiU:*nt  of 
hvdroijrn  hn»  been  supiilied  liy  tluit  of  an  equivalent  of  hen/^oyl,  or  a.^  a  eom- 
hinaiion  of  beuxoyl  witk  ]i!ienyk  Wbon  boated  vviUi  a  mixture  of  bydniie  of 
potdish  and  lime,  it  isdeeonipa*od  into  benxole  ondbenz'>ute  ofpotasb: — 


sra 


otnea  compouxds  o?  bexzolc. 


(1319)  Other   Compounds  of  Benzole, — Benzole  yields  diiwl 
compounds  mitli   chlorine  and  bromine,   CiaHgCl^  and  Ci^UiBf^l 
iihcn  exposed  to  the  sun^s  light  in  contact  with  these   halogEml 
These  sub^tanceB  present  a  ceiiain  analogy  with  Duteh  liquid,  ^i 
when  decomposed  by  au  alcoholic  solution  of  potash^  yield  con 
pounds  whieh  contain  Cj^H^Clg  and  Ci^H^Br^. 

Sulphuric  acid  forms  a  compound  acid  with  bcDZole,  tc 
hyposiilphoht'nztdic  or  sulpkobensolic  acid  (HO,  Ci^II^,  S^O^): 
funiislics  readily  cr}'stallizal>le  salts.     If  benzoic  be    treated 
anliydrous  sulphuinc  acid  a  viscid  mass  is  produced,  which  may  I 
dissolved  in  a  j«»niall  qtinntity  of  water,  but  on  the   addition  di 
considerable  amount  of  water,  snlpbobenzolic  acid  remaiu,s  in  ih 
liquidj  and  a  sparitjgly  soluble  crystalline  body  is  separated* 
crystalline  body  is   termed  aulphobcnzidc  (Cj^H^SOj,) ;  it  niay 
purified  by  crystallization  from  ether:  it  is  fusible  at    212"^, 
may  be    distilled    unaltered    at    a    much    higher     tempcratufl 
Hofmann  and  Buektou  have  ktcly  obtained  a  sulplio-acid  witb^ 
larger  proportion    of  sulphuric  acid,  termed  dhulph^benzolic 
{2  HO,  C^jlI^S^Oio;  page  305),  by  heating  benzonitrile  with  fu 
sulphuric  acid, 

(1320)  Nitrobenrofe  or  jidrohevzide    (C,^H-NO^),    Sp,  ^. 
%wirf  1*209;  o/rf?//owr  4'4.^Benzole  is  remarkable  for  the  feci] 
with  which  it  yields  substitution  eomiwunds  with  peroxide  of  nit 
gen»     If  benzole  be  added,  in  small  p^jrtions  at  a  tinae^  to  warm ' 
fuming    nitric  acid,  it  is  dissolved^  and  on  cooling,  or  oq    beio 
diluted,  is  separated  in  the  form  of  a  yellow  oil,  which    maj 
purified  by  washing,  first  with  water,  and  then  with  a  weak  solutid 
of  carbonate  of  soda. 

Nitrobenzole  is  a  yellowi&h  oil,  which  becomes  solidified  % 
needles  when  exposed  to  a  temperature  of  37°,  It  boils  at  41^, 
and  may  be  dbtilled  unaltered ;  it  has  a  very  sweet  taste,  and  asi 
odour  resembling  that  of  bitter  almonds.  It  is  used  in  perfumert 
under  the  name  of  Essence  of  Mirhane.  Nitrobenzole  is  soluble  in 
aicobol  and  iu  ether,  in  all  proportions.  If  its  alcoholic  solutio 
be  saturated  with  ammonia,  and  then  with  sulphuretted  hydro^^e 
sulphur  is  deposited,  and  aniline  is  formed  j  aniline  is  also  obtainetT 
from  it  stiJl  more  readily  by  adding  nitrobenzole  to  a  mixture  c^^ 
equal  parts  of  alcohol  and  hydrochloric  acid,  and  introdueitig  fra^H 
nieuts  of  zinc,  or  by  the  process  of  Beehamp,  w  itli  protacctate  of  iro^^ 
(page  254}.  The  successive  formation  of  nitrobenzole  and  of  anil: 
may  be  employed  as  a  te^t  for  the  pi-escuce  of  Ijenzole  in  oils  : 
few  drops  of  the  suspected  liquid  ai*e  to  be  heated  gently  with  furoi: 
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mtrir  acid  in  n  test  tube,  and  largely  rlilytecl  witli  water,  wlien  oily 
drops  of  uitrobcuzole  are  separated  ;  if  the  liquid  be  ag^itated  with 
ether,  the  nitrobcnzole  is  dissolved,  and  may  be  decanted  into  a  fresh 
tube  :  to  this  a  mixture  of  equal  parts  of  alcohol  and  hydroeldaric 
acid  arc  added,  and  a  few  ti-agmeuts  of  granulated  zinc.  The  uitro- 
benzole  will  thus  be  rctluced  to  anilincj  which  may  be  liberated  by 
the  addition  of  potas!i  in  excess  ;  it  mni^t  be  again  agitated  with 
ether  to  di.ssolve  the  anilinej  and  if  this  ethereal  solution  he  mixed 
with  a  solution  of  chloride  of  lime,  the  violet  tint  characteristic 
of  aniline  will  be  developed. 

Dimtrobenzole  [Cj-.H|(N0^)2]. — If  benzole  he  boiled  with  fuming 
nitric  acid,  or  if  it  be  allowed  to  fall,  drop  by  drop,  into  a  mixture 
of  oil  of  vitriol  and  nitric  aeid  so  long  as  the  liquids  mix^  dinitro- 
benzolc  is  formed  ;  the  liquid  must  be  boiled  for  a  few  minutes, 
and,  on  cooling,  the  dinitro benzole  is  deposited  in  the  form  of  a 
crystalline  magma.  It  nmat  be  washed  w^ith  water,  and  re- 
crystallized  from  alcohol:  it  melts  at  a  temperature  below  2i:Z°. 
Dinitrobenzole  represents  benzole  in  which  two  equivalents  of  per- 
oxide of  nitrogen  have  taken  the  phiee  of  two  etpiivaleuts  of 
hydrogen.  If  its  alcoholic  solution  be  treated  with  hydrosnlphate 
of  ammonia,  nitranUine  (page  25H)  is  produced. 

(1321)  Derivatives  of  Ndrobenzole  odtained  btj  reditction, — 
Nitrobenzole  experiences  a  reduction  of  a  ditlcreut  kiiul  if  it 
be  treated  with  an  alcoholic  solution  of  potash ;  azoxibenzide 
{C,2H.P,NO)  is  then  formed,  aiul  may  be  ohtaiued  by  distilling  the 
liquid  Tuitil  it  separates  into  two  layers;  the  upper  oily  one,  when 
washcil  with  water,  yields  brown  needles  of  azoxibcnzide ;  they 
may  be  purified  by  dissolving  them  in  alcohob  and  transmitting  a 
current  of  chlorine  (to  destroy  the  colouring  matter),  and  re- 
crystallizing.  The  crystals  thus  obtained  are  of  a  sulphur  yellow 
colour,  and  often  exceed  an  inch  in  length.  It  is  fusible  at  97  . 
When  distilled  it  yields  aniline,  and  a  new  body  termed  azo- 
benzide, 

Azohenzide  (Cj^H^N).^  may  also  be  procured  by  distilling  nitro- 
l>enzide  with  an  alcoliolic  solution  of  pota^^h ;  towards  the  end  of 
the  distillation,  it  passes  o\cr  in  the  form  of  a  red  oil,  which 
solidifies  in  large  crystals:  it  may  be  purified  by  re-crystallization 
from  ether,  and  may  be  obtaincil  in  the  form  of  orange-coloured 
plates,  which  are  freely  soluble  in  alcohol,  but  scarcely  so  in  water. 
It  fuses  at  149*^,  and  boils  at  380^^,  and  may  be  distilled  unaltered. 
AVhen  an  alcoholic  solution  of  azobenzide  is  treated  with  liydro- 
sulphate  of  ammonia,  or  with  sulphurous  acid,  it  is  converted  into 
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a  hiiHO  callcfl  benzidine  (Ci^IIhN).     The  exact  deconipositioiid  ^ 
attend  the  couversiouof  uiti\jbciizole  successively  into  asoxib 
asohcuzide^  and  benzidine,    have  not  been   clearly  made  out 
azolnnizide  be  ti*eated  with  nitric  acid,  it  yields   two  substita 
comi>ounds  (C^ilI,,(N0fc)N2 ;  and  C^^MgCNOj^Nj^ — the  latter,  whei 
reduced  by  hydrot^ulphatc  of  ammonia,  yields  another  base,  ten 
diphvninc^  which  v^  of  a  ycUow  colour;  it  is  soluble  in  ether;- 


X)inHrr»>«i<>benx>d«* 


Dipl}iwn«. 


C.4Hh(N04),N,  -f   12  118  =  2(Ci,H,N,)   +    8  no   ^ 

(152a)  Phenic,  or  Carbolic  Acid ;  Hydrate  of  Phenyl  i  Pi 
(C,jllA  =  HO,Cian,0)    Sp.  fft.   1065.— This    substance    is.^ 
most  abundant  acid  product  of  the  distillation  of  pit-coal, 
also  produced  by  the  distillation  of  the  salicylates  of   the  alki 
and  of  the  earths  (1230).  It  is  likewise  found  amongst  the  pi 
of  the  distillation  of  gum  benzoin,  and  of  the  rcsiu  of  the 
th(»rrh(ea  hastilts,      Staideler  has  found  phenic  acid  iii  the  urine  1 
the  cow,  and  of  some  other  animals. 

Laurent  obtains  phenic  acid  from  the  oil  of  coal-tar,  by  oollectii 
separately  those  portions  whieli  boil  at  between  300*^  and  400*^*  ^ 
mixing  witli  this  oil  u  hot  saturated  solution  of  liydratc  of  pc^ 
adding  a  quantity  of  the  powdered  hydrate  ;  a  copious  separatii 
a  white  ctystalline  substance  immediately  occurs.     The  still  1 
portion  must  l>e  decanted,  and  the  crystallized  matter  dis^vi 
a  smaLl  quantity  of  water.     When   thus  treated  it  separates 
two  layeri?,  the  denser  of  which  consists  of  an  aqueous  solutii 
plicnatc  of  |K>tash.       This   portion  must   be   separated    from 
lighter   oily  layer,  and    must    be  neutralized   by    the    additic 
hydrochloric  acid.     Carbolie  acid  rises  to  the  surface.      It  mu 
di  forested  upon  chloride  of  calcium  to  remove  water,  and  aft  en 
distilled,  and  exposed  to  a  temperature  which  is  gradually  low 
It  then    cryslallixcs  in  long  colourless    needles,  which   mm 
preserved  from  contact  with  tlie  atmosphere. 

The  crystals  of  phenic  acid  melt  at  a  temperature  of  i 
95**,  and  the  liqidd  enters  into  ebidlition  between  369*^  and  ■ 
The  presence  of  a  mimitc  trace  of  moistiure  is  suflicieiit  to  cnii 
ihe  liquefaction  of  the  crystals.  Phenic  acid  is  very  sparimi 
soluble  in  water,  but  it  is  dissolved  by  alcohol,  ether,  and  conc^ 
trated  acetic  acid  in  all  proportions.  It  has  a  buniing  taste,  at: 
iHlourof  smoke,  resembUng  that  of  kreasote.  Its  vajjour  s 
attacks  the  skin  of  the  lips,  and  of  the  gums,  Pheinc  acid 
st^srs  antiseptic  properties  similar  to  those  of  kreasote  :  ludet 
much  of  the   commercial  krcflflota  ''     '  '    solely  of  phenic 
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solutions  do    not  redden  litmus  paper :  a  drop  of  it  let   fail 
&u  paper  prodiiees   a   transient   greasy  stain.      If  a  splinter  of 
rdeal  be  dipped  iiito  a  solution  of  pltenic  acid,  and  then  into  nitric 
or  hydroclilorie  aeid,  the  wood  as  it  dries  becomes  bine* 

Phenie  aeid,  when  licatcd  witli  ammonia  in  a  sealed  tube, 
becomes  partially  converted  into  water  and  aniUne  {1064}.  The 
acid  oombines  with  jxjtiisb,  and  forms  with  it  a  crystalhne  eom- 
pouud ;  though  it  may  be  distil  led,  nn  changed,  from  hydrate  ol 
potash,  and  from  quicklime  or  caustic  baryta  in  excess.  Phcnates 
of  these  bases  may  be  obtained,  but  they  are  easily  decomposed, 

(1323)  Htjmohgues  of  Phenie  ^nW.— Phenie  acid  is  jieeompa- 
I  nied  in  coal  tar  by  other  homologous  bodies  which  greatly  resemble 

it.  By  subjecting  commercial  coal  tar  kreasote  to  fractionated  dis- 
tillatioUj  Williamson  obtained  a  liquid  which  boils  at  397',  and 
which  ia  nearly  insoluble  in  solution  of  ammonia*  WiJliarasou 
tcroii*  it  hijdruie  of  nxhte  of  ereMj/l  [HO,  Cy^lljO)  ;  or  it  might  be 
termed  kresyllc  acid.  It  is  soluble  in  oil  of  vitriol,  producing  a 
violet  colour^  and  forming  a  compound  acid.  This  substance  ia 
polymeric  with  ani^iole  (1240)  and  with  benzoic  alcohol  (1211), 
and  would  be  the  phenie  acid  of  tlie  tolnic  scries.  When 
I  treated  with  fuming  nitric  acid,  it  is  oxidized  with  almost  explo- 
sive violencCj  an<l  a  trhnlrokresijUc  add  (110,  CnH^(NOj3jO), 
homologous  with  carbazotic  aeiil,  is  produced. 

It  has  been  suggested  that  the  kreasote  of  wood  tar  is  a  third 
homolognc  (IIO,  CnjIiP),  in  wliicli  case  it  would  be  the  phcnic 
acid  of  the  xylylic  series  ;  but  the  didiculty  of  purifying  kreasote 
reiKlersits  exact  comjxjsition  a  matter  of  uncertainty, 

(1324)  Ethers  of  Phenie  Add. — Pbcuic  acid  may  he  cauf^ed  to 
enter  into  combination  with  the  oxides  of  the  alcolml  radieles  by  a 
process  of  double  decomposition,  which  consists  in  distilling  the 
sulpliomctbylate,  sulphetliylate,  or  sulpbamylate  of  [>otash,  with 
phenatc  of  potitsh.  Thet^e  ethers  may  also  be  procured  by  heating 
phenate  of  potash  with  the  iodides  of  methyl,  of  ethyl,  or  of  amyl ; 
they  are  also  produced  by  the  distillation  of  the  fialicybc  ethers 
with  caustic  barybi :  the  [jrcparatiou  of  anisolc  by  tlie  latter  process 
being  represented  by  the  equation : — 

84ilii7Ut«  uf  M^thjL  PhrbBtc  of  Meihjl. 

C^HAcJjIA   +   2BaO   =    2(BaO,CO,)   +   C.HACi.HsO. 

Anisic  acid,  which  is  metamcric  with  salicylate  of  methyl,  also 
yields  phetiatc  of  methyl,  which  is  identical  with  anisolc. 

The  ethers  of  plienic  acid  may  thus  be  contrasted  with  the  acid 
itself:— 
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BoiUnK 
Foiat. 

37«: 

306- 

437** 

1-065  1 

Pkcnio,  or  carbolic  acid  .  .  .  HO^Cj^HjO 
Phenate  of  methyl^or  aniaole  C^  U,  0,C,jlliO 
Phenateof ethyl, or pheneiole  C^  tl^O^CuH^O 
Phanateofamj], pheDamjlole  C^Jl nO,Ci^Ufi 


Each  of  these  ethers,  when  treated  with  nitric  acid,  yields  subs^- 
tution  compounds  analogous  to  those  furnished  by  aaisole  (iip\ 
and  when  subroitted  to  the  action  of  hydrosulphate  of  amtnrm 
bases  are  obtained  analogous  to  anisidinc,  uitranisidine,  and  dia> 
tranisidine. 

(1525)  Products  of  the  DecomposUion  of  Phenic  Acid. — ^WTici 
distilled  with  pcrehloridc  of  phosphorus,  phenic  acid  yid^B 
chloride  of  phenyl  (Ci^H^Cl),  which  is  a  colourless  mobile  liqint 
w^ith  a  fragrant  smell,  resembling'  tliat  of  bitter  almonds :  ii 
boils  at  277*^.  At  the  same  time  phosphate  of  phenyl  is  fonweij 
it  may  be  obtained  at  a  low  temperature  in  beautiful  crystak 
"\Alicn  melted,  it  is  sligrhtly  yellow^  and  has  a  fluorescent  pro- 
perty.  If  tcrchloridc  of  phosphonis  be  substituted  for  the  pff* 
chloride,  chloride  of  phenyl  arirl  phosphite  of  phenyl  are  pro- 
duccJ  ;  and  the  latter,  wlicn  distilled,  yields  benzole,  amoagvt 
the  products  (Williamson),  Benzole,  it  will  be  remarked,  coutaim 
two  equivalents  of  oxygen  less  than  phenic  acid  ;  the  phosphorous 
acid  in  tills  case  deoxidisses  the  plieuic  acid,  and  becomes  cor 
verted  ioto  phosphoric  acid. 

Plienic  acid  give^  rise  by  substitution  to  an  unusual  niEiiilxff 
of  acid  compounds,  formed  upon  the  type  of  pheuie  acid  itself: 
such  for  example  as  the  following  : — 


Plienic,  or  carbolic  aoid      .     .     .     .     .  HO, 

Dichloropheiiict  or  t'ljloroplieiieslc  du.  110, 

TriHjlom|.ilicTiie»  or  cbl<>ri>pbenisie  do.  IIO, 

Pentacliloropbenic,  or  ckloroplienusic  do.  HO. 

Bromopliimic,  or  bromophennftic  do.      .  HO, 

Dibroraophenic,  or  broniopLeneftic  do.  HO, 

Tribroraophenio,  orbroraopbenisic  do,  ,  HO, 

Nitropbenir,  or  nitropboniisic  acid   .     .  HO, 

Dinitroplieuic,  or  nitropkeiicsic  amd      .  HO, 

Tnuilropbf  mc,  or  nitropbeniaic  acid     .  HO. 

DieWoroQitropbtniir  acid     *     ,     »     ,     *  HO* 

Diniodn-nitropbenic  acid     .....  HO, 

Brumodmitropiienic  acid HO, 


C.,H,.0 

c;  *ei.o 

C,:HaBr,,0 

C,,H,(NO,),0 

C,Jl,(NoVo 

C,,hX(NO,).o 
C^H,lIr(NOj^.O 


All  of   these  acids   are    monobasic,   and  form  definite 
many  of  which  crystallize  very  beautifully. 
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CAEBAZOTIC  ACID, 

A  mixture  of  cliloratc  of  potash  and  hydrocliloric  acid  cuu- 
irts  plicuic  acid  into  trichlorophenic  acid  (HO,  CiMlIX-laO),  aud 
r  prolonging  the  action,  chloraiiil  (Ci^Cl^OJ  is  produced. 

Oil    of    vitriol    dissolves     pbcnic    acid,     without   change    of 
flour,   and  produces  a  com|K)und  acid,  termed  sulphophenic  acid 
10,  CjsHgO,  S^Oft) ;  it  forms  ivith  hai^ta,  a  soluble  salt,  wkich 
lystallizes  iu  tufts  of  needles. 

If  phenic  acid  he  allowed  to  fall,  drop  by  drop,  into  fuming 
trie  acid,  it  is  attacked  with  great  violence ;  each  drop  produces 
hissing  like  that  which  acoompauies  the  quenching  of  a  hot 
on;  and  upon  boiling  the  mixture,  carbazotic  [ttiniirophcaic) 
HO,  CiJlj^NOJaO]  acid  is  obtained.  If  the  acid  he  more 
ilutc,  nitrophenic  acid  [HO,  Ci.^ll4(N0.|)0]  or  dinitrophcnic  fiQiA 
HO,Cj2n3(N04)20]  is  produced.  Both  of  these  acids  may  readily 
5  obtained  in  crystals  :  most  of  their  salts  crystallize  with  facility; 
,ey  greatly  resemble  tlie  carbazotates. 

(1326)  Carbazotic,    trimtropkemCf    nitro-phenmc,    or   picric 
Cid  (HO,  CjaHa  (NOJaO).— This  is  a  frequent  product   of   the 
Ction  of  nitric  acid  upon  complex  organic  substances.       Pbenic 
id,   salieiu,  couvuarin,  phloridzin,   silk,  indigo,  and  a  variety  of 
IBsins  yield  it  when  treated  with  fuming  nitric  acid.     The  oil  of 
which  distils  over  at  a  temperature  between  300°  and  400*^,  i^ 
^ne  of  the  best  raw  material«   from   which   this  acid  can  be  pro- 
cured.   The  resin  of  the  Xunthorrhma  hasiiiu  is  also  a  convenient 
source  of  carbazotic  acid.      The  hot  solution  obtained  by  acting 
upon  these  Ixidies  with   nitric   acid   must   be   decanted  from   the 
undissolved  portions,  and  the  carbazotic  acid,  which  is   deposited 
as  the  liquid  cools,  may  be  purified   by  washing  with  cold  water, 
and  con  veiling  it  into  a  salt  of  ammonia  or  of  potash,  which  may 
be  readily  obtained  iu  crystals;  the  carbazotate  of  ammonia  or  of 
potash  when  dissolved  in  boiling  water  may  then  be  decomposed 
by  dilute  nitric  acid,  aud  crystals  of  carbazotic   acid  will  be  ob- 
tained as  the  liquid  cools. 

Carbazotic  acid  crystallizes  in  long,  pale  yellow,  brilliant, 
rectangular  plates,  which  arc  readily  soluble  in  alcohol  aud  iu 
ether.  It  requires  between  80  and  90  parts  of  cold  water  for 
its  solution,  forming  a  liquid  of  a  bright  yellow  colour,  and  stains 
the  skin  yellow.  This  acid  has  an  inteusely  bitter  taste,  which 
has  induced  some  persona  fraudulently  to  substitute  it  in  beer 
for  a  portion  of  the  hops.  Carbazotic  acid  is  also  employed  for 
dyeing  silk,  to  which  it  imparts  a  beautiful  yellow  colour,  after  the 
silk  has   beea  mordaDted   with   alum^  or  with   ciTam  of  tartar. 
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Oil  tlie  application  of  heat  carbuzotic  acid  fascs  to  a  Yellowish  oil, 
and  if  the  temperuture  be  gradually  raised,  it  may  be  partially 
Piiblimed,  but  if  suddenly  heated  it  is  decomposed  with  explosion. 
Concentrated  sulplmric  and  uitnc  acids  dissolve  it  unaltered,  and 
deposit  it  on  dilution.  The  car!»azotatcs  generally  crystaliizo 
with  facility ;  they  are  bitter  and  of  a  yellow  colour :  when  heated 
they  are  decomposed  with  explosion.  Carbazotate  of  potash  is 
anhydrous ;  it  is  freely  soluble  in  boiling  water,  but  requires  260 
parts  of  cold  water  for  solution.  The  f^alt  of  ammonia  is  also 
anhydrous,  but  it  is  more  soluble  in  water,  and  is  somewhat  solu- 
ble in  aleoljol.  The  soda  salt  is  readily  soluble  in  cold  water. 
The  carbazotatea  of  the  alkaline  earths^  and  of  lead  and  silver,  are 
fi'cely  soluble. 

When  the  nitrous  derivatives  of  phcnic  acid  are  suhmittetl  to 
the  reducing  action  of  hydmsulphate  of  ammonia  two  red  ami- 
dated  acids  arc  produced.  The  compound  obtained  from  dinitro- 
phcnic  acid  is  termed  nitro-phenamic  acid  [UO,  CvjiHy  (NOi^^NmO^, 
4Aq]  ;    that  from  earbazotic  acid  is  named  picramic  acid   [IIO, 

(1327)  Oxyphenic  Acid,  or  Pyrocaiechin  (Cj^IIdOJ  is  a  sub- 
stance whicli  may  he  noticed  iu  eooncxiou  with  phcnic  acid. 
No  direct  relation  has  been  traced  between  these  two  acids, 
but  the  formula  of  oxy phcnic  di Bel's  from  that  of  phcnic  acid  by 
two  equivalents  of  oxygen.  Oxyphcnic  acid  is  obtained  most  abun* 
dantly  by  the  distillation  of  catechu  and  of  moritaunie  acid,  and 
of  gura-ammonia€iim  ;  the  acid  liquid  which  pa^^es  over  during  the 
operation  must  be  decanted  from  tarry  inattei's  wliich  accompany 
it,  and  be  left  to  spontaneous  cva|)oratioii.  The  crystals  which  are 
gradually  deposited  must  be  freed  from  the  motlier  liquor  by  pres* 
sure  between  folds  of  filtenng  paper,  and  purified  Ijy  sublimation. 

Oxypbenic  acid  crystrdlizcs  in  coh>orlcsa  rcctaugular  prisms. 
It  is  very  soluble  iu  Avatcr  and  in  ah^oholj  but  is  nearly  insoluble 
in  ether.  It  has  a  bitter  taste,  but  scarcely  any  acid  reaction.  Its 
crystals  fuse  between  2jo^  and  240'',  and  the  liquid  enters  into 
ebullition  between  464**  and  47 3"^.  Its  solutions  in  the  alktdies 
become  first  green,  then  brown,  and  iinally  black,  wdulst  oxygen 
is  absorbed.  Its  most  characteristic  reaction  is  the  dark  greeu 
colour  wdiich  it  produces  on  the  addition  of  pcrchloride  of  lime; 
on  the  addition  of  any  alkaline  solution  tiiis  colour  is  changed  to 
a  deep  red.  With  acetate  of  lead  it  yields  a  white  precipitate. 
Nitric  acid  decomfjoses  oxyphenic  acid,  and  oxalic  acid  is  formed. 

(i3z8)^7y/;//w/cJw/(C,,n3N,Oj,=  ilIO,C,2H(NO,)A)'— The 


J 
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Otnpositioii  of  this  acid  is  siicli  that  it  has  been  suppofiefl  to  bear 
he  same  relation  to  oxyphciiic  acid,  that  carhazotic  ac'id  docs  to 
fecnic  acid*  This  view,  however,  is  not  very  probable,  since  the 
cid  h  dibasic,  and  it  cannot  be  obtained  from  oxyphenic  acid  by 
lie  action  of  nitric  acid  npon  it.  It  is  the  product  of  the  actioa 
f  nitric  acid  (sp.  gr,  i"2o)  upon  certain  gum  resinSj  such  as  ararao- 
iactua,  assaftjetida,  and  sa^apennio.  The  aqneotis  extracts  of  Brazil - 
rood  and  of  the  Mort^'t  Hnrforia,  also  yield  it  when  treattnl  with 
Itric  acid.  Many  of  these  substances  furnish  oxyphenic  acid  by  dis- 
illation:  extract  of  Erazil  wood  yields  it  alnnidarUly  by  thi^  process. 

tvphnic  acid  is  sparingly  solnble  in  cold  water,  but  readily  so  in 
Icohol  and  in  etiier.  It  crystallizes  in  long  prisms,  which  have  a 
^ellow   colour.      Its  solution  stains  the   skin  permanently  yellow. 

typlniie  acid  reddens  lit<uuA,  and  decomposes  the  alkaline  car- 
Duates  with  effervescence.  It  also  dissolves  metallic  iron  and 
sine  with  facility.  Its  ta^te  is  somewhat  astrin;£i;ent,  but  not  acid. 
The  styphnates,  like  the  carbazotate^s,  are  decomposed  with  explo- 
ion,  when   gently  heated.     This  acid  forms  two  classes  of  salts, 

neutral  and  an  acid  one.  It  appears  to  be  dibasic,  and  many  of 
ts   salts  crystallize  readily* 

2*  Napkihaiic  Series. 

(13^9)  Naphthaltn  (Cjirtll^).  Sp.  gr,  of  solid  i"i53  ;  of 
Vapour  4*528. — This  substance  derives  its  principal  interest  from 
the  im|>ortant  researches  to  which  it  was  submitted  by  Laurent, 
nd  upon  which  he  principally  founded  his  theory  of  substitutions. 
"'Kaplithalin  is  a  coni*titnent  of  the  principal  varieties  of  tar,  but  it 
is  most  abundant  in  coal  tar,  particularly  in  that  obtained  from 
the  London  gas-works.  It  i**  also  produced  when  olcfiant  gas, 
phenic  acid,  nod  some  other  constituents  of  coal  tar,  are  trans- 
mitted slowly  through  red-hot  tubes.  Naphtbalin  is  easily  ob* 
tained  from  tiie  last  portions  of  the  distillate  from  tar,  which  become 
semisolid  on  cooling.  The  liquid  constituents  of  this  mass  must 
be  separated  from  it  by  pressure,  aiul  after  rccrystallization  from 
hot  alcohol  it  may  be  obtained  perfectly  pure  by  sublimation. 

Naphtluilin  forms  flaky  erystak,  consisting  of  rhombic  plates, 
hicli  have  an  unctuous  feel  and  a  pearly  lustre :  it  has  a  peculiar 
ouTj  and  a  biting  and  somewhat  aromatic  taste.  It  graduidly 
ndergoes  sublimation  at  onlinary  temperatures,  and  is  easily 
Utilled  over  with  tlie  vapours  of  water.  It  fuses  at  about  174"^, 
nd  boils  at  428°.  Naplithalin  does  not  readily  take  fire,  but 
hen  kindled  it  burns  with  a  white  smoky  flame.     It  is  insoluble 
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in  watcr^  but  is  rt*ailily  soluble  in  alcohol^  ether^  oil  of  i 
and  tbe  fixed  oils*      Potash  is  without  action  upon  it. 

(1330)  Action  of  Suf/jhurir  Add  upon  NapfiihaUn. — Solji 
acid   when  heated   witli    naphthalin    combines    with   it. 
nuphthaliu   be  in  excess,  the  acid  forms  iritb  it  a  neutral 

ompound,  termed  snijphonnphthalin.      If  the  sulphuric  acid  1 
Feiceea,  and   the    temperature  do    not    exceed    400*^,    a 
acid   compound   is  formedj   the  sulphonaphthaiie.       If  a 
temperature  be  employed,  especially  if  ftiming  sulphnric  1 
ii!<icd,    disulphouaphlhalic   acid    is    also    fornietl  ;     it    is  a 
deliquescent  com{K)nnd,  with  a  sour  and  bitter  taste. 

In  nil  these  eases  tljc  combination  of  bvdrated   sulphurifil 
with  naphthalin  is  attended  Mitli  the  seimration  of  water; 

Sulpho-naphttalin      .        .  j     C;II:^+'^.  SO,  -  ,  HO" 

Sulplio*niipLtlialic,  termed  also  bypo-   )     HO,  Cg^H-S^O,  =: 
Bulpho-naplitbalic  acid     .         .         ,   f     ^-r»^s  +  2  (llO,  SO  ) 1 

Di8ulpbQ-naphtlialipacid,(tbvo-naphtic,  }  2  iTO,  C^H^S-O,^  ^    ' 

or  li3*posulpho-naplilmic  acid)  .    J     CjuHg  4-  4  (llO,  SO,)  —  4  HO 

Besides  these  two  acids,  a  small  quantity  of  a  third  ttcid  is  soo 

times  obtained, wliich  is  metameric  with  the  sulpbo-naphtbalic;  6oi 

the  latter,  this  new  acid  is  distinguished  by  the   difference  intk 

effect  of  heat  upon  its  baryta  salt^  which  when  bunied  in  open 

smoulders  like  tinder  till  the  naphthalin  is  consumed,  wi 

sulplio-naphthalate  of  baryta  burns  with  a  luminous    flame. 

sulplio-uaphthalates  are   soluble  in  water,  and    inaiiy  of  t] 

alcohol  also ;  they  have  a  bitter,  almost  metallic,  taste. 

(1331)  Action  of  Nitric  Acid  upon  iVa/;////ia/i«._Xi 
attacks    naplithalin   slouly    at  ordinary    temperatures     and 
verts  it  into  a  sulijhur-yellow  compound,  termed   nitro-nap' 
[C2j,H7(NOJ]  ;  at  higher   temperatvn^es   dinitro-naphthalm  p 
(NOJg]    and  trinitro-uaphihalin    [C2oH-(NOj3]      are      p 
These  diflcrent  varieties  of  nitiT>-naphtlialin  crystallize  beam 
fi^om   their   alcohobc   or   their    ethereal  solutions.       'W^len 
tions  of  these  coniponnds  are  exiK>sed  to  the  reducing  acti« 
hydrosulphate  of    ammonia,   each   comi>ound   yields  an 
base  ;  naphthaUdine,   or   Hapht/njlamiue  (CV^MtiN)  being    that 
nished   from    nitro-naphthalin,  and  semi-napthididatn     {C^^\i 
from  dinitro-napiithalin ;  and  a  tbird  base  Wfts  obtained  by 
from   trinitro-napbtbalin.     By  prolonged  boibng  with  nitric 
naphthaHn  is  converted  into  a  mixture  of  oxalic  and  pbtbalicaci 

ifaplttbttlTii.  Fhlhalict  Ada.  Oinlie  At-M. 

6^9  +  16  O  =  2  HO,  CjolUOo  +  a~HO,^Io^. 
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Phikallc,   or  NaphthaUc  Add  {2  110,  Ci^II^O^,),   is  produced 

^ly  the  loiig-contimicd  actiou  of  uitric  acid  xipoii  uaphtbaliiij  as  well 

mwii  the  Lidxlonde  of  naphthaliiij  and  upon  alizarin.       The 

Tatter  mode  of  its  produetiou  is  interesting",    since  it  indicates  a 

'  ionnexion  between  naplithalin  and  the  colouring  matter  of  madder, 

)a  evaporating  the  solution  obtained  by  acting  upon  naplithalin 

ith  boiling   nitric  acid,  pbthalic  acid   is  deposited   in  groups  of 

imellar  crystals.     It  is  sparingly  soluble  in  cold  water,  and  very 

[>liib!e  in  alcohol  and  in  ether.     When  exposed  to  a  high  terape- 

atiure,  water   is    expelled,    and   p!ithalic    anliydride  is    sublimed, 

Jy  still  farther  prolonging  the  aetton  of  nitne  upon  pbthalic  acid,  a 

'nllrophthulic   acid  [2 HO,   Cj^ll3(N04)04j]    nniy  be  procured.       If 

npkthalic  acid  be  distilled  with  limCj  carbonate  of  lime  and  benzole 

%TQ  the  results :  — 

Phtlmlic  Aciil.  B^naio]«. 

%  HO,  C^gH  A  +  4  CaO  =  4  (CaO,  CO3)  +  C^^H,. 

Pbthalic  acid  is  dibasic,  and  Hofmann  has  suggested  that  it 
ay  fonu  one  member  of  a  series  of  acids  wliich  would  bear 
c  same  relation  to  the  monobasic  aromatic  acids  as  tbc  dibasic 
ids  of  the  oxalic  series  bear  to  the  volatile  fatty  acids ;  and 
e  has  obtained  from  cuminic  acid,  liy  the  oxidising  influence  of 
nitric  acid  upon  it,  a  compound  which,  from  its  s]>aring  solubility, 
he  has  tenncd  imoimic  acid.  This  acid  is  also  dibasic.  The  two 
classes  of  acids  would  he  represented  thus — insolinic  acid  having,  as 
yet,  no  representative  in  the  monobasic  series  : — 


AfoniAtlo  Moiiob««lo  Acidfl, 
HO.  CJ^n-fir 


Benzoic 
Toluio 


HO.  C,,B,  O3 
HO,  C,,H,  O, 


Cuminic 


HO,  Cjo^iiOj 


CorFftflponilifi^  nibjufo  Adds* 

3  HO,  C.,H„.i30,. 


P 

Phtlialio      .     .     3H0»ei,H,0, 
Insolinic      .    .     2  HO,  Cjj,H(jOj 

y 

p 


(1332)  Action  of  Chlonne  on  NapkthaHn, — When  chlorine  is 
)rought  into  contact  with  naphtbalin,  the  two  bodies  enter  into 
direct  combination:  the  naphthalin  fuses,  ami  a  mixture  of  two 
compounds,  presenting  considerable  analogy  to  Dutch  liquid,  is 
formed.  One  of  these  compomuls  has  been  termed,  soracwhat 
inappropriately,  rhioridt  of  naphthalin  (C2rtH>,Cl2  =  C2^yH;Cl,  IICl), 
and  the  other,  bichloride  of  naphthalin  (CioHn^'Ji  — ^'ao^^n^'st  *  HCl). 
he  formation  of  small   quantities  of  substitution  derivatives  of 
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naplitlmlin  also  usually  accompanies  the  production  of  these 
poimds.      It  would  have  been  more  correct  to  have  termed   the 
first,  hydrochhratt  of  chhmip/tlase,  and   the  second,    bihydrochh^ 
rate  oj  i-idonaphtese.     To  avoid  confusion,  we  ^hall^  however, 
the  terms  of  chloride  and  bichloride  of  naplithalin. 

Chloride  of  Nap^iihal in {C..,^llJ^i.)h  au  oily  Ixidy^ which  is  soltiE 
in  ether  in  all  proportions.  This  circumstance  is  taken  advantages 
of  in  effecting  its  jmrtial  separation  from  the  bichloride,  which 
is  solid  ;  but  it  is  difficult  to  free  it  completely  from  this  lattei 
substance.  Bichloride  of  naphihahn  (CljoH^CJ^)  exists  in  two  mod  in 
locations,  which  have  been  distinguished  by  the  letters  a  and  ^, 
These  modifications  are  both  formed  simultaneously  during  the 
action  of  clilorine  upon  uapbthaliu.  Tlie  bichionde  a  is  fparingljp 
soluble  in  boiling  ethcrj  front  which,  on  cooling,  it  is  deposited  in 
er\'st!i!s ;  or  it  may  be  purified  still  more  advantageously  by  crys- 
tallization from  lioiliug  oil  of  petroleum.  It  is  scarcely  soluble  in 
aleohoL  The  bichloride  ft  is  very  soluble  in  alcohol,  aud  still 
more  so  m  ether.  It  is  obtained  by  exjKjsbig  the  etbcreal  mother- 
liquor,  from  wliicli  tlie  bichloride  a  has  erystallizedj  to  a  low  tem- 
perature for  a  few  hours,  and  rccrystallizing  the  deposit  (wMcl 
consists  of  a  mixture  of  tlie  modifiCMtious  of  a  aiul  ^3)  from  ether 
the  li(inid  retains  the  modification  /3,  which  must  be  reery stall izei 
until  the  crystals  obtained  are  rapidly  dissolved  by  cold  ether 
Corresponding  compounds  with  brouiinc  may  be  obtained,  aud  othe] 
derivatives  also  may  be  formed,  into  the  composition  of  which  bot 
chlorine  and  bromine  enter.      (See  Table  j,  page  577.) 

Both  the  liquid  chloride  aud  the  two  mod ifi eat  ions  of  the" 
chloride  of  naphtlialiu  are  decomposed  by  distillation.  Whei 
treated  with  an  alcoholic  solution  of  potash,  they  are  decomposed 
chloride  of  potassium  is  ibrmed,  and  chlorinated  derivatives  of  naph- 
tlialiu arc  produced.  In  these  new  com|>fHmds  the  number  o; 
equivalents  of  chlorine  and  hydrogen  together  is  always  equal  tc 
8,  which  is  the  number  of  equivalents  of  hydrogen  in  naphthalin. 

The  researches  of  Laurent  have  disclosed  the  existence  of  ar 
exceedingly  numerous  series  of  substitution  compounds,  fortnoc 
upon  the  tyt>c  of  naphthaliuj  into  the  composition  of  which  chlorizu 
enters. 

Corresponding  compounds  with  bromine  may  also  be  formed 

and  another  series  may  be  obtained,  in  wliich  the  substitution  h 

effected  partly  by  chlorine  aud  partly   by  bromine.      It  would  bi 

inconsistent  with  the  plan  of  tlie  present  work  to  attenipt  to  giv< 

[  any  detailed  account  of  these   bodies.      The   table  which    follMd 
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will  indicate  the  composition  of  the  principal  compounds  of  this 
series,  Tlicse  bocUes  are  of  little  practical  importance^  but  their 
investigation  led  Lanrcnt  to  theoretical  dednctiona  regarding  the 
molecular  constitution  of  chemical  compounds  generally^  which 
have  exerted  a  remarkable  inliaencc  upon  the  recent  progress  of 
organic  ehemistry.* 

1.  Chlorides  and  Bromides  of  Naphlhalin, 


Liquid  chloride  of  niiphthalin    . 
Chloride  of  brojmplitaHo    . 
Birhloride  of  naphtbalin    . 
Bichloride  of  ehloiiaphtaao 
Bichlorobramide  of  Eaphtholin  . 
Bichloride  of  ehlonaphtese 
Bi chloride  of  bronapliteae 
Bibromide  of  ohlouaphteae 
Bi bromide  of  eblorabroiiaphtefie 
Bibroraide  of  bronaplitcjue 
Bibromide  of  bromech]oiiaphti»e 
Bibromide  of  brouaphtiise  . 


0^-B,.  CI, 
C3,,H;BnCla 
CrtjjH^,  CL 
C.yH.CI,Cl, 

g;h;.  ci^bt 

C,,H,C1,.C1, 
a,H,Br,.  CI, 
Cs^H^Ch.  Br, 
CjpH.cmr.  Br^ 
C,„H,Br,.  Br. 
C-^H^BfXn,  Br. 
C;„H,Br>.  Br, 


C.,,HXh  HCl 
C3„HiBrCl,  HCl 
C.uH,Ch,  2  HCl 
c;,H,Ci;  3  HCl 
C^,n,Ch,  HCK  HBr 
C^H.Ci;.  2  HCl 
C.,H,CI,Br.,  jHCl 
C' H.CLBr'  aHBr 
Ca„H,Cl  Br,.  2  HBr 
C»,H,Br,.  2  HBr 
C^HgBr.Cl,  1  HBr 
C;,H,Br,,  2  HBr 


Many  of  these  compounds  are  isomorphous* 

The  compounds  which  are  contained  in  the  foregoing  table 
are  susceptible  of  decomposition  by  means  of  an  alcoholic  solution 
of  potash,  which  eflects  the  removal  of  a  certain  portion  of  chlorine 
or  of  bromine,  and  the  compound  wluch  is  left  is  one  of  those 
represented  in  the  following  table  :- — 

2.  Compounds  formed  upon  the  type  (Cj^jllj^) 

Chlonaphtase 

Bronaplvtaiie 

ChloDaphtese         • 

Bronapliteao 

Chloimpbtise 

Bronaplitiao 

Chlore  bronaphtiao 

From  the  results  of  this  decomposition  it  appears  probable  tliat 
the  formulae  given  in  the  third  column  of  the  tirst  table  represent, 
more  accm-ately  than  those  of  the  second  column^  the  true  com- 


C^H,C1          1 

Chlonaphtose  . 

a.H,Br 

CblorebroTiapbtose 

^-S«^^'^ 

Cb  loribrooaphtofte 

C,„H,Brj 

Erofiiipbtoae     . 

^li.cC      , 

Bra  m  vc  lilo  d  aphtnae 
Cldouiiplithalase 

C.H.H,Br3 

C;,H,CLBr 

Ckloeuphthaliao 

a„H,CUBr 

t'joHjBr, 

t„U,Ur,CI, 

C*<|     Clg 


•  Thii  names  proposed  by  Laurent,  extraordinary  and  imcoMth  aa  mariy  of 

rtiietn  appear,  arc  yet  well  adapted  to  represent  the  nnmeroua  ijubs^titntMin 

|oompoyiidd  to  ukicli  ihuy  refer.     In  the  case  of  naphLlmlin,  the  eompoimds 

which  eontain  eblorine  are  indicated  by  tbe  prefix  c/^/o,  and  end  w  tth  a  ey liable 

in  which  tbe  vowels  a,  e,  »,  o,  and  m,  are  intended  respectively  to  indieate  the 

di«pUcdinent  ok'  i,  2,  3,  4,  or  5  enui^  aJents  of  hydragen.  In  r^^naphtfwc  i  equi- 

Talent  of  hydrogen  has  been  displaced  by  i  equivalent  of  eldorine ;  in  ehlo- 

naphto^tf,  4  equivaleute  of  hydrogen  have  been  displaced  by  4  of  ehlorine.     If 

the  number  of  equivalents  of  hydrogen  exceed  5,  a  freah  syllable,  such  as  aU 

is  added  to  the  word,  and  the  vowek  (beginniiig  with  a)  are  agaiu  employed 

PAHT  111.  V  y 


position  of  the  sto-called  ehlondcs  and    bromides  of  nspl 
the  nuiiics  of  which  would  require  modification  aeconlinglj. 

It   must  not,  howeverj  be  supposed   that   the  foregoing 
indicate  all  the  combinations  of  eblorine  with   naphthidin, 
may  be  formed  by  aubstitution  or  otherwise.       Many  of 
ferent  counwunds  exist  in  several  distinct    modifications, 
are,  for  example,  no  fewer  than  seven  distinct   forms  of  o 
ieJte,  wljich  Laurent  las  distinguislied  by  the    letters  a,  c, 
/  -r,  and  y  ;  four  of  them,  a,  c,  /,  and  x,  are  obtained  by 
tillation  of  the  bichloride  of  naphthalin,  and  two    of  thi 
and  e,  by  treating  the  same  compound  with  potash,  and  ^ 
result  of  the  action  of  chlorine  upon  dinitronaphthalin. 

a  and  a:  arc  liquid  at  ordinary  temperatures,  c  crys 
needles,  which  fuse  at  1 2 1**,/ crystallizes  in  tables,  fusible  at! 
ad  crystallizes  in  needles,  which  fuse  at  about  85%  e  fuses  «t 
y  fuses  at  203°,  and  may  be  sublimed  in  plates.      Many  rf  tW 
bodies  are  also  distinguished  by  differences  in   the  degree  of  ii 
s»olubility   in  alcohol  and   in  ether,  and  by  the    different  fifi 
whicli  they  are  attacked  by  chlorine  and  by  bromine. 

The  existence  of  these  remarkable  modifications  of  ehlonapiitii 
was  nccounted  for  by  Laurent,  on  the  supposition  that  inthc'Cfl^ 
poutKl  (Ca,)!!^),  or  naphthulit*,  each  of  tlie  8  equivalents  or  atoH 
of  hydrogen  hatl  its  distinct  or  allotted  position  in  the  compoufl) 
molecule*  In  chlonaphtcse  2  of  these  molecules  of  hydro^^u 
displuced  by  2  equivalents  of  chlorine,  but  it  is  not  a 
indifference  which  of  the  molecules  are  thus  displaced. 

iCjo     '    '  ^'  ^  f  represent  the  compound  molecule  of  napl 

each  figure  indicating  a  distinct  niolecide  of  hydrogen    it 
matter  of  indiflcrence  whether  the  displacement  shall  take  pla 

In    all    these    cases  we   should    still   have   compounds    i 
analysis  would  exhibit  a  perfectly  similar  composition  • 


as  before.     Thus  to  expresa  the  substitution  of  6  equindents  of  hrdv^  ,- 

^  of  rhlorine,  tho  tenai  chlonaplxthfi^ijffl  is  adopted.     If  bromine  be  th*  i 

placing  body,  the  prefix  bro  is  cm  ployed,  and  if  both  chlorine   and  broa 

oe  present,   the  name  employed  imfieatea  by  the  Tow'el  in   thi*  eoncltui 

syllid)le  the  total  number  of  equivnlerits  of  bydroj;oii   rlUrJo,,..  1    ^',1^1 

nunibtT  of  one  of  tlie  halogeni*  is  indicated  bv  a  vov 

of  the  partirular  halogen  to  be  represented.  Tluit*  <  / 

(C«o*  Il^Cl,Br),  or  a  eompound  in  which  4  v^ 

aisj^laeed  by  3  equiTalenta  of  chlorine,  an  i 

hrQinechlonaphtoae  indieates  that  thf*  4  e*t»»*  u   dupJac 

repreaeaWdby  2  equiv&leata  of  bror  . 
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rom  the  flifferent  relative  position  of  the  atoras  of  diloririe  in  tlie 
onipound,  the  properties  of  each  niiglit  be  diflercot.  It  may  be 
hown  by  calculation,  ujx>n  the  principle  of  permutation,  that 
iwenty-cight  such  I'arieties  of  clilonaphtcse  are  possible ;  of  these 
iven  have  been  discovered.  Tiiis  subject  ia  placed  in  a  very 
iear  light  by  Gregory;  (sec  also  p*  202)* 

VhlomipMlse  may  also  he  obtained  in  seven  different  forma, 
11  of  which  are  crystallizable  solids.  Chionapktose  is  known 
under  fonr  different  modifications.  Tlie  compounds  which  contain 
)oth  clilorine  and  bromine  of  the  t\^c  naphtosej  in  which  4 
equivalents  of  hydrogen  have  !)een  displaced,  may  lie  formed  in 
hree  different  ways,  and  yield  three  metameric  modifieationSj 
H2.  : — I.  Chhribronaphtose^  which  is  obtained  by  exposing  a  mix- 
ture of  bromine  and  cldonaphtise  to  the  sun's  rays ;  it  forma 
Bix-sided  prisms^  wldeh  are  fusible,  and  solidify  at  a  tempera tnre 
f)f  about  221'',  2.  Bromachlonaphlose  a,  which  is  obtained  by 
passing  a  current  of  chlorine  over  heated  bronaphte.*^ :  it  fornis 
six-sided  prisms  of  the  consistence  of  wax^  which  after  fusion 
solidify  at  230*'.  3,  Bromachhnapkiose  /3,  which  is  obtained  by 
the  distilhition  of  hichloride  of  bronaphtese  ;  it  forms  fattened 
oblique  prisma.  Various  modifications  of  many  of  the  other 
chlorides  raiglit  be  eimmerated,  but  it  is  unnecessary  to  par- 
ticuiarize  further.  This  great  variety  of  form  admits  of  explana- 
tion upon  the  hyjiotbcsis  already  applied  to  account  for  the 
different  forms  of  chlonaphtese.  It  is  obvious  that  numerous  as 
are  the  modifications  of  many  of  the  forms  of  these  derivatives  of 
naphthaliu,  tLey  constitute  but  a  small  number  of  the  possible 
varieties  which  a  permutation  in  the  relative  position  of  the  ele- 
mentary atoms  of  the  compound  would  permit. 

(1333)  Paran&phtJmiifi,  or  Anthracene  {Cg^tllia?),  Sp.  gr\  of 
wxpour  6741.- — This  substance  accompanies  na[jbthalin  in  the  last 
ilftges  of  the  distillation  of  eoal  tar.  It  may  be  purified  from 
naphtbalin  by  means  of  alcohol,  which  dissolves  the  naplitbalin^ 
but  leaves  almost  all  the  paranaphthalin  untouched.  Paranaph- 
thalin  is  polymeric  with  naphlhalin  ;  it  is  a  white  solid,  which 
fuses  at  3,56^,  and  boils  at  a  temperature  above  572°.  It  may  be 
distilled  without  being  decomposed,  and  it  condenses  in  lamellar 
oryatak*  Its  best  solvent  is  oil  of  tur|>entine.  Chlorine  acta 
slowly  upon  paranaphthalin,  ibrniing  a  com|KDund,  which  has  the 
comjiosition  represented  by  CaoUiyCiMj  hydrochloric  acid  being 
eliminated  dunng  its  formation.  A  corresponding  compound,  con- 
taining peroxide  of  nitrogen,  may  also  he  obtained. 
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(1334)  MeianaphtfmliH  (tlic  reiM^rene  of  Duma»)  is 
GomiHimid  piilywcric  with  naphthaliu  :   it  was  obtained  b r  Pi 
and  Walter  during  the  diBtiliation  af  rosin.     This  bodjr  ia 
Bolabtc  in  cold  alcohol,  but  is  re.idiiy  diasolved  by  boihag 
aa  well  as  by  ether,  naphtha,  and  oil   of  turpentine.      It  hm 
153'^,  and  Iniils  at  617^.      It  does  not  api^ear  to  form  any 
acid  i^hcn  treated  with  oil  of  vitriol. 

(1335)  During   the    distillation    of    the     bituminoos  i 
Dor«et»hire  various  producta  arc  obtained,  which  g^re-atly 
thoftc  contained  in  coal  tar.     The  hydrocarbons  approach  m 
po8tticni    to  (C,H),*      A  portion  of  the  oil,  which    boils 
390^  and  480"*,  furnishes  a  substance  resembling    kreasote, 
Laurent  termed   amptlin :    it  i»  soluble  to  a  considerable 

.  in  m atcr^  but  the  addition  of  a  few  drops  of  an  acid  or  d 

■olulion   of  certain    salts  causes  the   separation    of    the 

Ampelin  is  decomposed  when  the  attempt  to  redistil  it  ia  mada  M 

treating  the  oils  of   sHiist  with  nitric  acid,   Laurent  obtaioel 

acid  metamerie  with  the  salicylic,  and  which  he  termed  ampeUe 

Shale  tar  is  partictdarly  rich  in  basic  substances.     G.  Wi 

has  detected  in  it,  in   addition  to   Range's  pyrrol    bases  (lOf(|| 

ammonia,   pyridine,  picoline,   lutidine,    collidine,     and    parrdbi? 

I  l)GBides   two  other  bases  as  yet  but  imperfectly  examined,  wW 

have  been  termed  car^/iidine  and  vertiditie.      It  is  reniarkaUe  W 

anil ine  is  not  present  atnongst  these  bases.    ( Q.  J, Chem,  Soc.,\]x^ Kfi\ 

The  destructive  distillation  of  Ixjues,  and  of  azotised  w^ 

matters  generally,  yields  a  substance  commonly  known  as  ZMflfB^ 

animal  oiL      This    oil    comcH    over  accompanied    by  an  aqtuot 

liquid,  charged  with  carbonate,  hydrosulpbate,  and    hjdrocya&iK 

of  ammonia*      The  oil  itself  is  a  complex  mixture,  consisting  of 

part  which  is   soluble  in   acids,  and  of  an  insoluble  portion*  d 

[latter  constituting  the   larger   part  of  the  oil*      In    the   porM 

'ioluble    in    acids    various    volatile    bases    are    preiK*nt     ineltidiB 

methylia,  etliylia,  tritylia,  and  tetiylia, — aniline,  pyHdine  nioolii> 

j  lutidine, — and  the  pyrrol  bases.       The  portion  insoluble  in 

contains  benzole,  and  a  mixture  of  several  nitriles. 

(1336}  Biiumen,  Asphalt,  and  Petroleum. — Closely 
with  the  products  of  destructive  distillation  are  the  differai 
forms  of  bituiraen,  asphalt^  and  petroleum.  Dei>osits  of 
8u!)stances  are  found  in  various  localities,  as,  for  example, 
Trinidad,  at  Amiano  and  in  some  other  parts  of  the  north  of  Ita) 
and  also  on  the  borfiers  of  the  Caspian  Sea,  where  it  occurs  in  bd 
of  uiarl  above  coal  measures.  It  is  also  abundant  at  Rangoon, 
in   several  other   localities   of    th'  '^(    Buruiah,  wImii 
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,ie  naphtha  is  obtained  from  a  pale  blue  clay,  soaked  with  oil, 
hich  re^ts  upon  roofing   slate,  beneath  which   is  coal  containing 
luch  pyrites.       The  petroleum  from  the   last    named  locality  haa 
'eceutly  been  made  the  subject  of  examinatiou  by  Dc  La  line  and 
I.  Miillcr,       (Proceed.  Roy.  Soc,  viii.  221.)      It  is   obtained  by 
nking  wells  about  sixty  feet  deep,  in  which  the  liquid  is  collected 
I    it  oozea   from   the   soil.      At  common  temperatures  it  has  the 
jonsistenee  of  goose-fat ;  it  is  lighter  than  water,  and  has  usually  a 
reenish^brown  colour ;  it  has  also  a  sliji;ljtj  pceuliiur,  but  not  un- 
Icasaut  odour*      It  is  composed  almost  entirely  of  volatile  con- 
iituents  ;  the  fixed  residue  uot  amounting  to  more  than  4  per 
nt.  if  it  be  distilled  in  a  eiuTent  of  superbeated  steam.      About 
o  or  1 1  per  cent,  of  the  volatile  matters  consists  of  a  body  which 
solid  at   ordinary   temperatures  (paraffin).      When  the   liquid 
portion  is  agitated  with  oil  of  vitriol,  some  of  its  constituents  enter 
nto   combiimtiou   with   the  acid,    but   the   greater  part   remains 
.Tialtercd  by  this  aj^eut.      In  the  portion  which  combines  with  the 
icld,  benzoic,  tokiole,  xylolcj  and  curaolc,  have  been  identified,  and 
fhere  are  several  basic  substances  which  have   not   as    yet    been 
jompletely  examined.    The  liquid  from  which  the  hydrocarbous  of 
be  benzole  series  have  been  removed  by  the  action  of  oil  of  vitriol, 
ifter  being  rectified,  constitutes  rock  oil  or  naphtha  ;  it  is  a  mixture 
rf  several  hydrocarbons ;  it  is  the  liquid  in  which  potassium  and 
dium  are  prc^^ervedt       In  order  to  purify  it  for  tliis  purpose,  the 
rude  distillate  must  be  agitated   several  times  with  a  fiilh  of  its 
ulk  of  oil  of  vitriol ;  after  which  the  uudecomposed  hydrocarbon 
to  be  well  washed  with  water,  and  rectified  from  quicklime.     This 
tjuid  requii'cs  about  eight  times  its  bulk  of  alcohol  for  solution, 
lut   it  is   soluble  in  all  proportions  in  ether  aiul  in  the   volatile 
)ils.      Hot  naphtha  dissolves  phosphorus  and  sulphur,  but  deposits 
lie  greater  portion  of  these  bodies  on  cooling.      It  also  dissolves 
saoutchouc,  camphor^   and    fatty   and    resinous    bodies    generally, 
elletier  and  Waiter  describe  three  compoucnts  of  naplitha ;  one, 
hich  is  tcrtned  naphtha^  boils  at  about  1 90^  ;  the  second,  termed 
lapWtene  (Ci,(ll,t,),   boils  at   239*";    and  tlic   third,   naphthoie,   at 
74°,      It  is  not  improbable  that  all  thc^  bodies  are  polymeric 
ultiples  of  the  hydrocarbon  CIL 
Asphalt   is   the   term    given   to  solid    bitumen    (951).       The 
itumens  differ  in  the  facility  with  which   tliey  are  attacked  by 
Divents.     Generally  they  contain  but  little  of  any  matter  soluble 
alcoliol,  but  most  of  them  are  dissolved  in  great  part  by  ether, 
d  by  oil  of  turpentine.  When  distilled  they  yield  substances  which 
Memble  the  paraffin  oils  In  properties  and  consistence  U3^7}< 
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CHAPTER    X, 

HimiTATtTlS  OF  CYAXOOKN CItKA OROANIC    BASES  Of 

osiQix — vmic  Aciii^  rmoDcrcTs  of  its  DEco^iposmtix. 

§  L     Drbivatives  of  Cyanogen. 

(1337)  In  deecriliiiis  aome  of  the  compounds  of  cyano 
■Bljinrill  VM  made  to  some  important  derivatives  of  tbis  bo^l 
liiiUBg  uoUt  oobftll,  pUtiiium^  sulphur^  and  some  otlicr  1 
wtiidi  perfbrni  the  functioos  of  salt-radicles^  or  bodies 
iher  mode  of  oombuialioa  pr^ent  a  certain  analc^  viil 
IvdqgeM.  In  the  praKOt  chapter  some  of  the.se  compounds  il^ 
doKribod;  urea  and  some  organic  bases  of  animal  origin  irilli 
be  examined,  after  wUeh  uric  acid  and  its  more  importaat  i 
valifes  wiU  be  ouisidered. 


-C*33W  Hydrocynivvc  acnl  in  its  anhydrous  form  oombiifl 
Irf  the  anhydrous  dcctro-neg^ative   chlorides,  such 
cidoride  of  iron,  trichloride  of  tin,  bichloride  of  titanium,  and 
cldoride  of  antimony,  and  forms   eom pounds,  the  con 
which  is  represented  by  tbc  formulae  (2HCy,  FejCl^)  ;  (Hi 
(HCy,  TiCy ;  and  (3  HCy,  SbClJ  ;  but'  these  compounds  m 
decomposed  by  water,  and  hare  no  pmctical  applications. 

The  general  properties  of  the  cyanides  have  been  alredf  1 
ensacdi  some  of  these  salU  are  of  considerable  practical  wf 
tance,  and  may  be  now  briefly  described. 

(»339)  fVtf»wfc  0/  Polmshm  (KCy).— This  salt  is  pcqfl 
in  considemble  quantities  for  the  purpose  of  dissolving  thenlti 
gold  and  of  silver  in  the  processes  of  electmtjpino^  j  it  is  ^\^i 
ployed  in  photography.  It  may  be  obtained  by-  heating  to  i 
rtducsSy  in  a  coveixxl  iron  crucible,  a  mixture  of  8  parts  of 
hydrous  ferrocynuide  of  ])otas^um,  and  3  of  dried  earbomtfl 
potasli,  until  tbe  fused  mass  has  lost  its  yelloTr  colour  and  cc 
to  give  off  bubbles  of  gas.  The  iron  is  separated  in  tlie  forn 
a  metallic  powder^  and  suVjsides  to  the  bottom  of  the  eruol 
the  fiised  cyanide  can  then  be  poured  oft*,  and  solidifies  on  eoa 
to  a  milk-white  mass.  The  cyanide  thus  obtained  is,  howc 
always  mixed  with  a  jiortiou  of  cyauate,  the  reaction  being 
as  b  shown  in  the  following  equation : — 
a(K,,  ¥^j^  +  i(KO,  COJ  =5  KCy  -f  K0,CyOH.  Fe^  ^  2C 
If  the  preseaee  of  the  cyanate  of  potash  be  injurious,   it   nuty 
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»t  rid  of  by  adding  to   the   mixture  of  the  carbonate  and  ferro- 

*anide,  before  fusion,  one-eighth  of  its  weight  of  charcoal,  which 

a  red-heat  reduces  the  cyanate  of  potash  to  the  form  of  cyanide* 

he  fused  salt,  when  decanted  from  the  irou,  has  a  black   colon r^ 

^wing  to  the  presence  of  particles  of  nnconsumed  charcoal.      If  it 

y  to  be  used  in  solution  imnxetliatcly,  it  may  be  dissolved  in  water 

nd  tiUercd  ;  but  if  ref|nired  in  the  solid  form  it  may  be  puriiied 

y  treatment  with  boiling  alcohol^  from  which,  after  filtration,  it 

IrystaUiKeB  on   cooling.      Cyaiude   of  potassium  forms   colourless 

lubes ;  it  is  delifpaesccut,  has  an  alkaline  reactioUj  and  when  moist 

Imits  an  odour  of  hydrocyanic  acid.      It  is  highly  poisonous. 

■  .  Cyanide   of  potassium   is  a    powerful  and   valuable   reducing 

Hg^t.     The  oxides  of  a  large  number  of  metals,  incloding  those 

»f  lead,  copper,  and  iron,  when  thrown  into  the  melted  salt,  are 

mmediately  reduced  to  tlie  metallic  state,  whilst  cyanate  of  pota^^h 

is  formed.      It  may  also  be  used  in  tlie  laboratory  as  a  reducing 

^ent,  instead  of  black  tlux,  in  testing  for  arsenic  (718).    Solutions 

pf  cyanide  of  potjussium    dis?solve  iron,    Kinc,  nickeb  and   copper, 

;irith  evolution  of  hydrogen,  whilst  potash  is  produced,     Silver  and 

fold  are  also  dissolved   by  the    solution  of  cyanide  of  potassium, 

f  air  be  allowed    free   access,  and   double  cyanides   of  |>otassium 

irith  those  metals  are  formed. 

(1340)  Doubk  Cijankies. — Cyanide  of  potassium,  when  mixed 
Urith  metallic  solutions,  occjisions  a  large  number  of  precipi- 
tateSj  which,  in  the  majority  of  instances,  are  soluble  in  an 
excess  of  the  cyanide  of  potassium.  The  cyanides  of  the  metak 
©f  the  alkalies  and  of  the  alkaline  earths  may  be  substituted 
for  cyanide  of  potassium,  and  produce  similar  double  cyanides. 
The  double  cyanides  which  are  formed  in  these  cases  are  of 
two  kinds  or  classes.  The  double  salts  of  the  first  class  are 
comparatively  unstable,  and  are  decomposed  by  the  addition 
of  a  diluteil  tree  acid,  such  as  tlie  hydrochloric.  In  such  cases 
the  cyanide  of  potassium  is  decomposed,  hydrocyanic  acid  is 
liberated,  and  the  insoluble  metallic  cyanide  is  precipitated.  Tne 
double  salts  wlxicli  the  cyanides  of  zinc,  nickel,  niangauesc,  copper, 
iind  sUver  form  with  cyanide  of  potassium  belong  to  tins  class, 
!When,  for  example,  the  double  cyanide  of  nickel  and  potassium  ia 
decomposed  by  bydrocblonc  acid,  the  following  reaction  occurs, 
pnd  cyanide  of  nickel  is  precipitated,  since  it  is  insoluble  either  in 
hydrocyanic  or  in  hydrochloric  acid : — 

NiCy,  KCy   +    IICl    =  NiCy    -h   KCl   +   HCy. 
Hie  alkalies  do  not  occasion  precipitates  in  the  solutions  of  the 
iouble  cyanides.     The  eyanidea  of  this  class  are  highly  poisonous. 
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combines  with  the  cvanogcn,  and  carries  it  off  in  the  form  of 
hydrocyanic  acid,  which  is  arrested  by  causing  it  to  pass  through 
a  solution  of  nitrate  of  silver*  The  cyanide  of  silver  is  afterwards 
collected  u|K>n  a  falter  and  weighed. 

(a)  Cyanides  which  do  not  form  Electro-negative  Double  Cyanides. 

(1341)  The  following  are  some  of  the  princij>al  insoluble 
metallic  cyanides  which  yickl  double  cyanides  of  the  first  class^ 
i.  €•,  double  saltSj  which  are  decomposed,  and  yield  a  precipitate 
OB  the  addition  of  a  dilute  acid. 

Cyanide  of  zinc  is  wliite  and  insoluble  in  water  ;  with  cyanide 
of  potassium  it  forms  a  soluble  salt  (ZuCy,  KCy),  wliicb  may 
be  obtained  in  large  regular  anhydrous  colourless  octohedra. 
Cyanide  of  zinc  and  sodium  {2  ZnCy,  NaCy,  5  Aq)  may  be  ob- 
tained iti  brilliant  plates,  if  cyanide  of  sorlium  be  substituted  for 
cyanide  of  potassium.  Cyanide  of  nickel  (NiCy)  forms  an  applc- 
grcen  precipitate,  which  ia  very  soluble  in  cyanide  of  potassium, 
forming  a  salt  (NiCy,  KCy,  Aq),  which  erjstallizea  in  oblique 
rhomboidal  pnsms  of  a  yellow  colour.  Cyanide  of  manganese 
falls  as  a  bulky  rctldish-wliite  precipitate,  on  mixing  a  solution  of 
any  salt  of  manganese  with  one  of  cyanide  of  potsissinm  ;  it  rapidly 
becomes  brown  by  ex|x>sure  to  the  air.  This  cyanide  is  soluble  in 
excess  of  cyanide  of  potassium,  but  the  solution  absorbs  oxygen, 
and  gradually  deposits  oxide  of  manganese,  Subcyanide  of  copper , 
Cu.^Cy,  is  a  white  powder  obtained  by  treating  an  acid  solution  of 
Bubchloride  of  copper  with  cyanide  of  potassium ;  it  is  soluble  in  the 
dilute  acids.  Sulphate  of  copper  yields  with  cyanide  of  potassium  a 
brownish-yellow  precipitate  (CuCy),  which  sooa  begins  to  give  off 
cyanogen,  and  becomes  converted  into  a  double  cyanide  (Cu^Cy, 
CuCy,  5  Aq).  The  same  salt  may  be  obtained  in  bright  green 
Ctystals  by  adding  hydrocyanic  acid  to  a  solution  of  sulphate 
of  copper*  Cyanide  of  copper  (CuCy)  is  soluble  in  excess  of 
cyanide  of  potassium,  with  which  it  forms  two  salts,  (CuCy, 
KCy)  and  (CuCy,  3  KCy),  The  latter  i^  the  more  soluble  salt  of 
the  two. 

(1342)  Cyanide  of  silver  (AgCy)  is  precipitated  in  dense  white 
flocculi  wheu  hydrocyanic  acid  or  cyanide  of  potassium  is  added  to 
a  solution  of  nitrate  of  silver.  It  is  nearly  insoluble  in  dilute 
nitric  acid  even  at  a  Ixiiling  temperature,  but  it  is  soluble  in 
ammonia.  ^Vlicn  heateil  gently  it  melts,  and  at  a  high  temperature 
gives  ott*  cyanogen,  leaving  a  residue  of  a  grey  colour,  which  retains 
a  portion  of  cyanogen.  Cyanide  of  silver  is  treuly  soluble  in 
solutlous  of  the  cyanides  of  potassium,  sodium^  bainum,  calcium. 
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anil  atroutium.     These  solutious  g'ive  no  prect|utate  with 
cif  tht*  nuHallif  cliloride^  ;  indeetl,  cyaaide  of  sih^r  h  4 
boiling  M)liitioti8  of  the  chlorides  of  the  metals  of  the 
of  the  eartha.     It  ia  also  soluble  in  a  solution  of  oitnitierfl 
aa  well  a^i  in  solutions  of  the  ferrocyanide   and  ferrii 
|K>tiifisium.      When   ferrocyanide  of  potassium  is  used  as 
Tcnt,  a  dirty  blue  precipitate  of  cyanide  of  iron  ia  fonawl, 
liqtud  l)econic8  strongly  alkiiline  ;  K^FeCy^  -i-  2  AgCv  = 
2  (AgCy,  KCy)*       The  cyanide   0/  silver    and  potasmm 
KCy)  is  anliydrous,  aiid  n)ay  be  obtaitied  in  octobedia  or 
aided  plates,      Occiisinnally  it  forms  rhomboidal  prisms  litk 
This*  wilt  is  freely  soluble  in  water  and  in  boiliog  alootoL 
extensively   employed  for  clectro-ailvering,    since  its  mh^ 
mixed  with  an  excess  of  cyanide  of  potassium,  and  then  sul 
to  electrolysis,  rleposits  silver  in  compact  coherent  plates  |Hj^ 
(1343)   Cyanide  of  Mercury   (sometimes   called  BIc^(sk^ 
Meratry)  (HgCy), — This  sidt  maybe  prepared  eithcTbydis* 
the  red  oxide  of  mereuiy  in  dilute  hydrocyanic  acid    Lu  ubii^ 
oxide   is  soluble  with  great  facility,  or  by  boiling  a  miiw 
4  pai*ts  of  tinely-powflercd   Prussian    bine  and    3  of  red  osk\ 
mereury,  also  finely  levigated,  with   40   parts  of   water, 
uudissolvetl  (K)rtion  has  acquired  a  full  brown   eolonr :  ti 
on  cvaiioration  yields  the   cyanide  of  mercury.       It  mayj 
pi*ocured    by  lx>iling    2   parts  of  sulphate    of  mercury  wi 
ferrocyanide  of  potassium  and  8  of  water  ; — 

(K,FeCy,)H-3(IIgO,SO,)  =  3(HgCy)  +  2  (KO,  SO3)  +  FeO^ 

Cyanide  of  mercury  crystallizes  in  aidjydrous  rcctangnlar  pri 
which  arc  colourless  and  transparent.  It  has  a  nauseous  mctJ 
taijte^  unil  is  very  poisonous.  It  requires  about  8  parts  of  oold  » 
for  solution  ;  it  is  less  soluble  in  ordinary  alcohol,  and  nearh  I 
luble  in  absolute  alcolioL  Cyanide  of  mercury  is  decompo5<*d  * 
heated  ;  if  perfectly  dry  it  \ields  cyanogen  gas,  metallic  men 
and  a  residue  of  paraeyanogcn.  If  moist,  carbonic  acid  ammi 
and  hydroeyunic  aeid  are  produced* 

Cyanide  of  mercury  dissolves  the  red  oxide  of  uierc 
and  foniis  an  oxycyamde  (HgO,  HgCy) ;  it  crj^stallizes  i 
it  is  spuriugly  soluble  in  cold  water,  and  the  liquid   has 
line  reaction.      Cyanide  of  mercury  does  not  give  any 
of  oxide  of  mercury  on  the  addition  of  a  free  alkali.    When  Ik 
with  sulphuric  or  hydrochloric  acid  it  is  decomposed,  and  m\i 
h}  drocyanic  acid.    It  is  also  decomposed  by  sidphui^tted  hyUn 
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Cyanide  of  merciiry  enters  into  combination  with  a  great  iiuml>er 
of  chlorides,  iodides,  bromides,  and  cyanides,  forming  with  them 
crystalUzable  double  salts.  It  doeas  not  occasion  precipitates  when 
mixed  witli  the  sohitions  of  anlts  of  zinc,  cobalt,  nickel,  manganese, 
and  other  metals  which  yield  cyanides  insoluble  in  water,  with  the 
exception  of  the  salts  of  palladinm  }  from  which  it  would  appear 
that  mercury  has  a  stronger  affinity  for  cyanogen  than  any  of  the 
metals,  excepting  palladium. 

(1344)  Cyanide  of  Goid.—Uhe  protocyanide  (AuCy)  is  the  only 
cyanide  of  gold  which  is  accurately  known.  It  may  be  obtained  by 
several  methods;  the  simplest  consists  in  adding  a  solution  of 
cyanide  of  potassium  to  a  dilute  solution  of  tercbtoridc  of  gold, 
so  long  as  a  precipitate  is  occasioned.  It  is  a  lemon  yellow 
powder,  composed  of  microscopic  hexagonal  plates.  It  is  decom- 
posed by  heat  into  cyanogen  and  metallic  gold :  boiling  nitric, 
sulphuric,  and  hydrocldoric  acids  do  not  decompose  it,  and  aqua 
regia  acts  upon  it  very  slowly.  It  is  soluble  in  hyposulphite  of 
soda  and  in  hydrosidpliatc  of  ammonia ;  but  its  most  important 
solvent  is  cyanide  of  potassium,  with  which  it  forms  a  double  salt 
(AuCy,  KCy)  :  this  compound  crystallizes  in  colourless  rhombic 
octohedra,  or  in  pearly  scales.  It  may  he  obtained  by  dissolving 
either  the  cyanide  of  gold  or  the  oxide  of  gold  (pi'ecipitated  from 
tlie  terchloride  by  ammonia)  in  a  solution  of  cyanide  of  potassium. 
Cyanide  of  gold  is  also  soluble  in  a  solution  of  tlie  fcrroeyanide  of 
ix>tassium.  The  double  cyanide  is  likewise  formed  by  dissolving  finely 
divided  metallic  gold  in  a  solution  of  cyanide  of  potassium  wlien 
exposed  to  the  air.  The  double  cyanide  of  gold  and  potassium  is 
largely  used  for  gilding  by  means  of  the  galvanic  battery  (878),* 
Copper  and  silver  articles  may  also  be  gilt  by  it  without  the  aid 
of  the  battery,  by  mere  immei*sion  ;  portions  of  copper  or  of  sUver 
being  dissolved  during  the  operation. 

(1345)  Cifanide  of  PaUadium  (PdCy)*— Palladinm  has  a  very 
powei^ul  affinity  for  cyatiogcn  ,  when  a  solution  of  a  salt  of  palla- 
dium is  mixed  with  one  of  cyanide  of  mercury,  a  yellowish- white 
precipitate  of  cyanide  of  palladium  is  formed;  this  precipitate  may 
be  dissolved  by  means  of  cyanide  of  potassium,  with  which  it  forms  a 


•  Bottger  recovers  the  jfold  from  the  spent  gilding  sohitions  by  evaporatiiijj 
tbcm  to  dryn£*s^,  mixing  tlie  residue  with  its  own  wei^lit  of  finely  powdrrud 
litlmrgts  nnd  fuijirig  the  mass  ;  the  lead  aud  the  gold  are  peduued»  and  foriu  a 
metalhc  hntton,  irhich,  when  treated  with  nitric  acid,  leaves  the  gold  in  the 
form  of  a  line  powder. 
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(bypotlieticiil). 
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Hjdro-ferrocyanic  add 
Ferrocyanule  of  potassium  , 
Ferrocyaiiide  of  sodiiim 
l^veritt'a  white  salt,  or  fer-  ) 

rocvanide    of    potasaium  I 

and  irun       .         .         .      ; 
Ordinary  PruBsiaii  blue 
Basic  Prussian  Wue     . 
Ferrocyauide  of  potassium  } 

aud  barium »         .         .      ) 
Ferrocyanide  of  eopper 
Fefr<:feyaiiide  of  poUissiiim  J 

mjd  copper .         .         •     •  i 
Ftsrroeyanide  of  lead  .  .     * 


FeC^,. 


IT^C.KFe 
K:C,N,Fe.  3  HO 
NoaU^NjFe,  12  Aq 

K  C,  N^Fe,.  or 

c^^NaFiv,  18  no 

C,,N„Fe,03.j-H0 
E:BaC,NaFe,3HO 

CujCcN^Fe,  jHO 
KCu  CftNjFe,  2  HO 

PbAN,Fe,3H0 


Fcj. 


H,,  Fey 

K^,  Fcj,  3  Aq 
JNa,,,  Fey,  12  Aq 

f  KFe.Fcy,  or 
:  K.Fcy.  3  FeCy 

Fe.FcYa,  ^^  M 
Fp.Ft'y^Fe^O^.xAq 

KBa,  Fey,  3  Aq 

Cqj,  Fey,  ii-Aq 

KCu.  Fey.  2  Aq 

Pb,,  Fey,  3  Aq 


'         (1348)  Hydro-ferrocyanic  acid  (HaFeCjg), — This  compound  was 
origiiially  obtained  by  Porrctt,  by  the  decomposition  of  ferrocyanide 
of  potassium,  by  means  of  tartaric  acid.     A  better  plan  consists  ia 
(brming   a   coucentratcd    aqueous    solution    of   the    ferrocyanide, 
Jjoiling  it  to  expel  the  air,  and  then  allowing  it  to  cool  in  a  vessel 
irovided  with  a  good  cork  to  exclude  air*     Ether  ia  theu  added, 
lud  an  excess  of  hydrochloric  acid,  which  has  also  been  deprived 
I  of  air  by  boiling.    On  agitating  the  mixture,  chloride  of  potassium 
is  formed  and  remains  in  solution,  and  white  scales  of  bydro-terro- 
cyanic  acid  are  deposited;  K^,  FeCy3  +  2  HCl  =  ILFeCy3  +  2  KCi 
These   crystals   must   be  washed   with  a  mixture  of  alcohol   and 
ether,  and  dried  in  vacuo  over  sulphuric  acid.      Liebig  adds  by 
degrees  to  a  cold  saturated   solution  of  ferrocyanide  of  potassium, 
an   equal   volume  of  hydrochloric  acid  ;    the  white  precipitate  of 
hydro-ferrocyanic  acid  thus  obtained  must  be  washed  with  hydro- 
chloric acid,  dried  in  vacuo  upon  a  tile,  and  caused  to  crystallize 
from  its  solution  in  alcohol  by  the  addition  of  ether* 

Hydro- ferrocy an ic  acid  is  dibasic.  When  ex^josed  to  the  air, 
it  absorbs  oxygen  and  becomes  blue  :  its  solution,  when  boiled, 
evolves  hydrocyanic  acid  and  deposits  a  white  insoluble  matter 
,  containing  both  iron  and  cyanogen,  This  body  becomes  blue  in 
^the  air.  It  is  probably  a  protocyanide  of  iron,  and  by  exposure 
to  air  it  al>sorbs  oxygen,  becoming  converted  into  basic  Prussian 
blue^  which  is  a  comijound  of  sesquioxide  yf  iron  and  of  true  Pnissian 
blue ;  9  PcCy  +  3  O  =  (Fe^Cy^  +  FeA)^ 

(1349)  FeiTocyanide  of  Potassium^  or  Prtfuiafe  of  Potash 
(Kj,  FeCy^j,  3  At|). — ^This  important  salt  is  met  with  in  commerce 
Deaidy  iii  a  state  of  purity.  It  is  formed  when  azotiscd  matters  are 
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aqueous  solution  causes  the  separation  of  a  portion  of  the  salt  ia 
crystalline  Makes.  Ferrocyauide  of  potassium  is  not  poisouous;  it 
has  a  saline  bitterish  taste.  When  heated  to  a  1 2°  it  loses  the  whole 
of  its  water  of  crystallization,  aud  crumbles  to  a  yellowish-white 
powder.  When  heated  to  redness  in  closed  vessels  it  fuses,  and 
at  full  and  prolonged  red  heat  undergoes  partial  deeoui position, 
nitrogen  being  evolved,  whilst  cyanide  of  jiotassium  and  carbide  of 
iron  are  formed*  W  hen  heated  with  peroxide  of  manganese^ 
cyanate  of  potash  is  formed  {411). 

Fcrrocyanide  of  potassium,  when  distilled  with  sulphuric  acid, 
furnishes  abundance  of  liydrocyanic  ai-id  ;  tlie  decomposition  which 
attends  the  reaction  has  been  already  explained  {note,  §  408).  When 
heated  with  concentrated  oil  of  vitriol,  tlic  salt  is  decomposed  into 
carbonic  oxide,  and  a  mixture  of  the  sulphates  of  potash,  of  ammo- 
niaj  and  of  protoxide  of  iron  {303).  Wlien  fused  with  dry  carbonate 
of  potash  the  ferrocyauide  furnishes  a  convenicii  t  source  of  cyanide 
of  potasainm  (1339).  Ferrocyauide  of  |>otassium  is  manutactnrcd  iu 
large  qnantities  for  use  in  dyeing  and  calico-priutbg ;  it  produces 
a  beaut  if  til  bright  blue  colour  j  which  ^  however,  will  not  bear 
washing  with  alkaline  solutions,  or  with  soap.  It  is  used  also  in 
the  preparation  of  Prussian  blue,  as  well  as  in  the  processes  of 
electro-plating  and  electro-glldiug.  It  is  the  source  from  which  all 
the  compounds  of  cyanogen  arc  obtained.  An  aqueous  solution  of 
ferrocyauide  of  jxstassium  produces  characteristic  precipitates  with 
many  of  the  metallic  salts ;  it  is,  consequently,  extensively  era- 
ployed  as  a  qualitative  te^t  for  indicating  the  presence  of  metallic 
bodies  iu  solution.  The  precipitate  generally  consists  of  a  ferro- 
cyauide of  the  metal  by  which  the  precipitate  is  occasioned  ; 
usually  the  2  equivalents  of  |K)tassium  iu  the  ferrocyauide  are  dis* 
placed  by  2  equivalents  of  some  other  metal,  such  as  cobalt,  nickel, 
copper,  or  lead,  yielding  precipitates  Co^Fcy ;  Ni^Fcy  j  Cu^Fcy; 
Pb^Fcy.  These  precipitates  are  apt  to  retain  portions  of  the  fcrro* 
cyanide  of  i>otassinui,  from  which  it  is  difficult  to  free  them  even 
by  long-continued  wa^^hing.  In  a  few  cases  r  equivalent  of  ferro- 
cyauide of  potassium  combines  with  the  ferrocyauide  of  the  other 
metal,  with  which  it  forms  an  insoluble  precipitate,  as  happens 
when  a  salt  of  baryta  is  precipitated  ;  the  yellowish- white  precipitate 
consisting  of  (BajFcy -f  K^Fcy,  6Aq)  or  of  (KBa,  Fey,  3  Aq).  The 
insoluble  ferrocyanidcs  cannot  be  precipitated  in  alkaline  solu- 
tions ;  the  liquid,  iu  ail  cases,  should  be  slightly  but  distinctly 
acid.  Many  of  these  precipitates  are  white,  such  as  those  of  zinc, 
cadmium^  nickel,  manganese^  tiiij  lead,  bismuth,  antimony,  silver. 
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chalk,  plaster  of  Paris^  and  starch.      It  always  retains  a  portion  of 
ferrocyauide  of  potassiuiu. 

Prussian  blue,  as  met  with  in  commerce,  occurs  in  cubical  or 
irregular  masses  of  a  dark  bhie  colour,  ivliich  when  pressed  with  a 
hard  body  acquire  a  coppery  lustre  resemliling  that  of  indigo.  It  is 
insoluble  in  water  and  in  weak  acids,  and  has  neither  taste  nor 
smell.  After  it  has  been  washed  with  dilute  fiydrocldoric  acid, 
it  maVj  however,  be  rendered  soluble  by  trituratiug  it  with  one- 
sixth  of  its  weight  of  crystallized  oxalic  acid.  When  this  is  diluted 
with  forty  or  fifty  parts  of  water  it  forms  a  blue  solution,  which  is 
used  aa  a  writing  ink*  Prussian  blue  is  also  soluble  in  a  cold  solu- 
tion of  tartrate  of  ammonia.  It  is  decomposed  when  treated  with 
alkalies  or  alkaline  carbonates,  oxide  of  iron  being  liberated,  and 
ferro cyanide  of  the  metal  remaiuirig  in  sohiliou.  Oil  of  vitriol 
produces  a  white  pasty  mass  when  triturated  with  Prussian  blue, 
but  on  the  additioii  of  water  snlplmric  acid  is  separated,  aud  the 
blue  pigment  is  reproduced.  Prussian  blue  is  decomposed  when 
heated  with  concentrated  sulphuric,  nitric,  or  hydrochloric  acid : 
it  is  also  decomposed  by  the  action  of  chlorine. 

Prussian  blue  contains  water,  which  cannot  be  expelled  by 
heat  without  decora|>osiug  the  corapouud.  If  heated  iu  the  open 
air  it  becomes  kindled  on  the  approach  of  an  ignited  body,  and 
burns  like  tinder,  leaving  a  residue  of  peroxide  of  iron. 

(1351)  When  proto&alts  of  iron  arc  mixed  with  a  solution  of 
ferrocyanide  of  potasi^ium  a  greenish  white  precipitate  is  formed, 
which  appears  to  be  the  same  as  Evcritt's  white  salt   (408),  aud 
may  be  regarded  as  a  compound  of  cyanide  of  iron  aud  ferrocyanide 
of  iK>tassium  ;  2  (Kg,  FeCya)  +  2 FeCl ^  (K^,  FcCy^  +  3  FeCy)  +  2  KCl. 
When  this  white  substance  is  exiK>sed  to  the  air  the  cyanide  of  iron 
becomes  oxidized  and  turns  bhic,  and  a  compound  is  formed  tenucd 
solubie  or  basic  Pnisma?t  him ;  it  consists  of   one  equivalent  of 
scsquioxidc  of  iron  combined  with  one  equivalent  of  Prussian  blue: 
the  ferrocyanide  of  potassium  originally  present  iu  the  white  com- 
I  pound  may   then    be  waslied  away.       The    change  which   occurs 
is  probably  tlie  following,  neglecting  the  ferrocyanide  of  potassium 
of  the  precipitate,  as  it  is  not  a  fleeted ;  9  FeCj  +0;^  =  (Fe^Cy^ 
H-Fe^O^).    Basic  Prussian  blue  is  soluble  iu  pure  water,  but  is  pre- 
cipitated on  adding  a  saline  solution  :  a  strong  acid  removes  the  ses- 
quioxidc  of  iron  from  it,  and  converts  it  into  ordinary  Prussian  blue. 
(1352)  FERHiDCVANiDKs.^-FernWcy<3(7iic/e  of  Potm»iuvi,  or  Red 
Prtissiate  of  Potash  (K^,  Fe^Cy^). — When  a  current  of  chlonne  gas  is  ; 
passed  through  a  dilute  solution  of  ferrocyanide  of  potassium^  the 
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caflraiiim  a  yellow,  with  nickel  a  yellowish  greenj,  with  cohalt  a  dark 
reddish  hrown,  with  copper  a  yellowish  green,  with  protosalts  of  iron 
a  brilliant  bliie^  with  manganese  a  brown,  with  protosalts  of  tin  a 
white,  with  silver  an  oranire,  and  with  snbsalts  of  mercury  a  brown- 
ish red.  These  precipitatc^s,  with  the  exeeption  of  those  with 
zinc  and  tin,  are  insohible  in  dilute  hydrochloric  acid*  The  fol- 
lowing tabic  exhibits  the  composition  of  some  of  the  ferridcya- 
nides : — 


Fenidcy  anogen  ( by  poth  e* 

tlcal) 

Hydroferridryanic  acid  , 
Ferri  dejanide  of  uotass  i  uni 
l^'erritlfyanide  oisodium  . 
Ferridcyanido  of  sodium  ) 

and  potassium  ,  ( 
Ferridcyanicle  of  potas-  ) 

Slum  and  bariuin  ,  J 
Ferridcyanido     of   iron  i 

(TumbuUa  blue)    .       ( 


C„N,Fe, 
K»3C,,IV,Fe,,  2  HO 

KBflaCijNoFea,  6  HO 


Fdcv 
H^.  'Fdcy 
K,.  Fdcy 
Nag.  Fdoy,  a  Aq 

KjFdcyjNa^Fdey,  iiAq 
KBa,,  Fdcy,  6  Aq 
Fe,,  Fdcy,  ^Aq 


Ferridcyanidc  of  potassium  gives  no  precipitate  in  the  solutions 
of  the  pernalts  of  iron,  Ijut  a  splendid  blue  when  mixed  with  those 
of  the  protosalts.  It  is  a  very  delicate  test  for  protoxide  of  iron 
when  in  solution*  If  protosulphate  of  iron  he  employed,  the  change 
which  occurs  is  the  following;  K^Fdcy  -f  3  (FeO,  S0.|)  =  Fcg, 
Fdcy  +  3  (KO,  SO^),  The  precipitate  which  is  thus  formed  con- 
stitutes a  highly  valued  and  bnlliant  variety  of  Pruasiau  blue, 
commercially  known  as  TtirnbuH's  Blue,  Turnbnirs  blue  may  he 
distinguialied  from  ordinary  Prussian  blue  by  the  action  of  a  solu- 
tion of  potasli  upon  it,  which  decomposes  it  into  fcrroeyanide  of 
potassium  and  magueiic  oxiilc  of  iron,  whilat  the  ordinary  bhie 
when  similarly  treated  yields  scsquioxidc  of  iron* 

Williamson  finds  that  when  E verities  white  salt  (KFc,  Fey)  is 
treated  w  itii  chlorine  or  with  nitric  acid  it  is  decomposed,  and  a  hhic 
salt  is  formed  (KFc2,  FcXyJ  corresponding  in  composition  to  Turn- 
bulFs  blue,  but  containing  an  equiv  alent  of  potassium  in  the  place  of 
one  of  the  equivalents  of  irou.  The  formation  of  this  substance  is 
bast  effected  by  boiling  the  white  piTcipitate  with  nitric  acid, 
diluted  i^ith  twenty  parts  of  water ;  as  the  hquid  approaches  the 
boding  point  a  copious  evolution  of  binoxidc  of  nitrogen  occurs  :  two 
equivalents  of  the  white  salt  lose  one  equivalent  of  potassium,  and 
the  ferrideyanide  of  potast?ium  and  iron  is  formed.  Cait*  is  required 
to  prevent  the  action  of  the  acid  from  proceeding  too  far,  other- 
wise  the  compound  acquires  a  green  colour,  owing  to  the  formation 
of  Pelouze^fi  magnetic  cyanide  of  iron. 

qq2 
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allowed  to  cool,  by  which  means  a  lar^e  quantity  of  nitrate  of 
liotash,  mixed  with  a  small  proportion  of  oxamide  will  be  sepa- 
rated. The  strongly-coloured  mother  liquor  must  next  be  neutralized 
with  carbonate  uf  potash  or  carbonate  of  soda,  by  which  a  greenish 
brown  preciintate  h  caused ;  and  the  liquid^  after  filtration,  must 
l>e  evaporated  and  allowed  to  crystallize.  The  soda  salt  crystallizes 
more  readily  than  the  nitro-prnssidc  of  potassium,  which  is  some- 
what deliquescent,  although  an  anhydrous  salt. 

Nitro-prmsidt  of  Sodium  (Na^,  FajCygNOa,  4  Aq). — This  salt 
crystallizes  in  ttne  prisms  of  a  r uby -red  colon r,  which  require  about 
2|  parts  of  cold  water  for  solution*  Its  solution  is  decomposed  by 
exposure  in  the  suu*a  rays,  Prussian  blue  being  deposited,  whilst 
binoxidc  of  nitrogen  escapes,  Nitro-prusside  of  Barium  {B112, 
FcaCy-NO;,,  6  Aq)  crystallizes  in  fine  octohedra  of  a  dark  red  colour. 

The  nitro-prussides  give  a  pale  green  precipitate  with  salts  of 
copper,  and  a  flesh-coloured  precipitate  w  ith  those  of  silver*  With 
salts  of  zinc  a  salmon-coloured  precipitate  is  produced;  with  salts 
of  nickel,  a  dirty  white;  with  salts  of  cobalt,  a  flesh-coloured  pre- 
cipitate ;  and  with  protosalts  of  iron,  a  salmon-coloured  precipitate 
is*  formed.  The  i>ersalt3  of  iron,  and  the  salts  of  lead,  of  mercury, 
and  of  tin,  give  no  precipitates  witli  the  nitro-prus^iicles.  Chlorine 
is  without  eticet  upon  solutions  of  the  nitro-prussides,  but  they  are 
decomposed  when  boiled  with  the  alkalies,  and  the  solution  becomes 
orange-coloured.  Sulphuretted  hydrogen  also  decomposes  them* 
The  most  delicate  and  character istie  test  for  the  nitro-prnssides  is 
the  production  of  a  magnificent  purple  colour  when  mixed  with 
solutions  of  the  alkaline  sulphides.  This  coloration  is  extremely 
intense,  and  may  be  employed  to  indicate  very  minute  traces  either 
of  a  soluble  sulpliide  or  of  a  mtro-pmsside.  The  colour,  however, 
speedily  disappeai"^.  It  appears  to  be  due  to  the  formation  of  a 
double  salt  of  the  nitro-prusside  with  the  sulphide  of  the  alkaline 
metal, 

(1354)  CoBALTicYAKiDES. — WhcH  cyauidc  of  potassium  is 
added  to  a  salt  of  cobalt,  it  gives  a  reddish  brown  precipitate 
(CoCy),  wdiich  is  soluble  in  excess  of  cyanide  of  potassium.  The 
double  cyanide  of  cobult  and  potassium  (KCy,  CoCy)  thus  ob- 
tained is  decomposed  on  the  addition  of  hydi-ochloric  acid,  and 
the  cyanide  of  cobalt  is  repreeipitated ;  but  if,  previously  to  the 
addition  of  hydrochloric  acid,  it  be  exposed  to  the  air,  it  absorbs 
oxygen,  and  eobalticyanide  of  potassium  is  produced  :■ — 

%  (CoCy,  KCy)  +  2  KCy  +  O  ^  K,,  Co,Cya  +  KO. 

After  this  change  has  occurred^  the  addition  of  hydrochloric  acid 
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II,  PtCy,. 

K,  PtCy,.  3  Aq. 

(CuHj,  N),  PtCy,,  Aq. 

be   formed  either  by   dis- 
a   soUitioQ    of  cvauide   of 


preceding  scries :  for  example,  the  followiog  formulie  represent  a 
few  of  the  platino-cyanides  : — 

Hydroplatiiio-cyaiiic  acid 

PlatiLio-cyanide  of  potassiiim 

Platino-cyanide  of  cuprammoniuni . 
PlailnO'Cyfinide  of  Potassium   may 
solving   protocbloride   of  platioura    in 

potassium  ;  or  by  fusing  ferroeyanide  of  potassium  with  spongy 
platinum ;  or  by  fieating  a  concentrated  solution  of  biehlon<le  of 
platinum  with  an  excess  of  cyarudc  of  potassium.  This  bcauti- 
fid  salt  forms  long  transparent  rhombic  prisms,  which  are  yellow 
by  transmitted,  and  bUie  by  reflected  light :  it  is  very  sohiblc  in 
water^  and  more  sparingly  so  in  alcohol  and  ether.  Piatlno- 
cyanide  of  magnesiutn  is  a  beautiful  salt  which  crystallizes  iu 
rosettes  from  it^  solution  in  a  mixture  of  alcohol  and  ether;  these 
crystals  IVjrm  square  prismSi  and  exhibit  various  shades  of  crimson, 
of  green,  and  of  blue;  they  are  very  soluble  in  water,  and  the 
solution  is  nearly  colourless.  The  most  chametcristic  test  of  the 
platiuo-cyanides  is  the  formation  of  a  beautiful  blue  precipitate 
when  a  platino-cyanide  is  added  to  a  solution  of  subnitrate  of 
mercury  in  excess ;  but  if  the  plat  i  no-cyan  id  c  be  in  excess 
the  precipitate  is  white*  A  double  salt  of  copper  and  ammonia 
[(CuH^,  N)  PtCyg,  Aq]  is  obtained  liy  adtling  platino-cyanide  of 
potassium  to  an  ammoniacid  solution  of  nitrate  of  copper :  in  the 
Wurse  of  a  few  hours  the  salt  is  deposited  in  dark  blue  needles. 

(1357)  The  PlalmiC'Cyanide  {ses(pdplaimo-cyanide)  of  Potassium 
(Kj,  Pt2Cy5,  6  Aq)  is  another  very  beautiful  salt  wbicb  crystallizes  in 
prisms  of  a  coppery  lustre  when  viewed  by  rellected  liglit,  but  they 
appear  green  by  transmitted  light ;  its  solution,  however,  is 
colourless.  This  salt  is  easily  decomposed  by  a  moderate  heat; 
when  dissolved  in  water  it  produces  a  white  precipitate  with  salts 
of  silver  and  of  red  oxide  of  mercury,  a  bhie  with  the  subsalts  of 
mercury,  and  a  greenish-blue  with  salts  of  copper.  S esq ui platino- 
cyanide  of  fiotassiura  is  obtained  by  transmitting  chlorine  tlirough 
a  saturated  solution  of  the  platino-cyanide  of  potassium  (K,  PtCy2) 
when  the  litjnid  becomes  filled  with  crystalline  needles  of  the  new 
salt.  It  must  be  puriJied  by  pi-essurc  between  folds  of  blotting- 
papfir,  and  recrystidUzed  from  a  very  small  quantity  of  boiling 
water  acidulatctl  with  hydrochloric  acid.  An  excess  of  potash 
reconverts  it  into  the  platino-cyanide.  For  fiu-ther  details  rcspect- 
H    ing  tlic  pktino-cyanides,   see  Knop,    Liebig^s  AnnaL  xliii.   111; 
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not  known  in  a  separate  condition^  but  it  forois  ati  acid  compound 
ivith  liydrogcn,  and  yields  numerous  welUuiaikt-d  salts.  Some 
chemists  prefer  to  regard  the  sulphocyanides  as  reprej*cutatives  of 
the  cyanateSj  in  which  tlie  oxygen  of  the  latter  salts  has  had  its 
place  supplied  by  sulphur ;  ami  the  decomposition  of  hydrosulpho- 
cyauic  acid  by  t!ie  aid  of  heat  aud  acids  resembles  that  of  cyanic 
acid  under  similar  circumstances  ; — 

_       f{R,  C,NS,)  +  4  no  ^  z  CO,  +  2  CS^  +  2  H3N  J 

Cjmmv  Acid. 


a  (H,  C3NO2)  +  4  HO  ^  2  CO,  +  2  CO,  +  2  II3N. 

Siilphocyanide  of  ammonium  would  then  correspond  to  a  sulphu- 
retted urea^  as  cyanate  of  ammonia  does  to  ordinary  urea.  The 
following  table  represents  both  views  : — 


I 
r 
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Hy<3ro8ulphocyaBic  acid  .  . 
Sulphocyanide  of  poliissiTim  . 
S  111  pUoe  J  an  i  de  o  f  8odi  u  m 
Sulphoeyanide  of  ftmraooium 
SulphocyRnide  of  cttleiura  . 
SulphocyETiide  of  copper  .  . 
Disiilphoeyaiiide  of  copper  . 
SulphcKjyanide  of  lead  *  . 
Sulpbocyanide  of  eUver  aud  | 

ofpot&aflium    .... 
Sulphocyanide  of  mercury 

Rod  of  potassium  »     .     . 
Disulpboi'yaQide  of  menjury 


HS,CyS 
KS.C?S 
NaS,CyS 
H,NS.  CyS 
CaS.CyS.jHO 
CuS,  CyS 
Cii-S.  CyS 
PbS.CyS 

AgS.CyS-fKS.CyS 

HgS,CyS+KS,CyS 
Hg,S,CyS 


H,  Scy 
K,8ey 
Na.  Scy 

Ca,  Scy,  jAq 
Cu.  Scy 

Cuj.  Si-y 
Pb,  Sey 

Ag.Scy+K,8cy 

Hg,Scy+K,Scy 

Hg,.Scy 


The  view  which  admits  the  existence  of  sulphocyanogen  as  the 
salt-radicle  of  these  compounds  is  the  one  which  is  generally 
adopted,  and  since  it  renders  a  simple  aud  satisfactory  account  of 
the  metamorphoses  to  which  the  sulphocyauides  are  subject,  it  will 
be  made  use  of  here. 

The  sulphocyanidcs  of  soduim  and  of  ammonium  are  auliy- 
drous  and  deliquescent*  Small  €|uantities  of  one  of  these  salts 
exists  in  the  saliva  of  man  aud  of  the  sheep.  The  majority  of 
the  sulphocyanidcs  are  soluble  both  in  water  and  in  ah-ohol  ; 
their  most  eharacteristic  property  is  the  production  of  an  intense 
blood-red  colour  when  their  solutions  are  mixed  with  those  of  the 
persalts  of  iron  :  if  the  red  liquid  thus  formed  be  acidulated  with 
hydrochloric  acid,  and  fragments  of  zinc  l>c  addcd^  sulphuretted 
hydrogen  is  disengaged,  and  the  colour  disappears.  The  persul- 
phocyanide   of   iron  does  not  form  crystals,       Sulphocyanide  of 
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becomes  semi-sfllid  from  the  separation  of  hydropersnlplioei/ttnic 
acid  (H^^  Cy^f^e)  i^i  crystalline  iieecilea*  These  crystals  are  sparingly 
soluble  even  in  boiling  water^  and  aa  the  solution  cook  it  deposits 
the  acid  in  beautiful  orange-coloured  needles. 

(1361)  Meiion  (CiijNia;  Liebig). — This  anomalous  componnd 
was  originally  supposed  by  Liebig  to  contain  C^N4,  but  he  has 
recently  repeated  and  varied  his  experiments  upon  it,  and  has 
altered  its  ibrmula  as  above.  Mellon  is  not  known  in  an  isolated 
form  in  a  state  of  purity,  but  it  coostitutes  tlie  principal  portion 
of  the  solid  residue  obtained  by  heatinef  the  yellow  preeijiitate 
occasioned  by  chlorine  in  solutions  of  the  snlphocyanides.  Mellon 
appears  to  be  a  tri basic  radicle,  which  forms  with  hydrogen  an 
acid  termed  hydromeliomc  acid  (Hg,  Ci^Nj^)  ;  this  latter  is  aji 
unstable  compound  which  yields  three  salts  with  potassium  ;  a 
neutral  mellouide.  Kg,  CjgNig,  loAq;  a  soluble  acid  mellonide,  K,.H, 
CysN,3,  6  Aq;  and  an  insoluble  acid  mellonide^  KIloj  ^iH^ia-  '^'be 
neutral  raellonide  is  usually  formed  as  a  secondary  product  during 
the  preparation  of  sulpboeyanide  of  potassium ;  but  it  is  more 
plentiful h^  obtained  by  fussing  3  parts  of  pure  sulpboeyanide  of 
potassium,  and  gradually  adding  about  one  part  of  crude  raeJlon  ; 
it  is  very  soluble  in  hot  water,  from  which  it  crystallizes  on  cooHng 
with  10  Aq.  Its  solution  has  an  intensely  bitter  taste.  A  solu- 
tion of  mellonide  of  potassium  produces  white  ins^>luble  mcllonides 
when  mixed  with  solutions  of  nitrate  of  silver,  of  corrosive  sublim- 
ate, and  of  acetate  of  lead. 

When  mellonide  of  potassium  is  boiled  with  an  excess  of 
potash  it  is  decomposed,  and  a  new  tribasic  acid,  the  cyameluric 
(3  HO,  Cj^N-O^)  is  formed  :  various  other  compounds  arc  also  ob- 
tained by  its  decomposition ;  for  details  regarding  which  the 
reader  is  referred  to  Liebig*s  paper  (Liebig^s  Annul,  xcv.  257), 

(1362)  Melam.—ykhm\  sulpboeyanide  of  ammonium  is  sub- 
mitted to  distillation  it  undergoes  decomposition,  and  yields  a 
mixture  of  bisulphide  of  carbon,  sulphuretted  hydrogen,  and  am- 
monia, whilst  there  remains  in  the  retort  a  grey  insoluble  residue, 
which  Liebig  has  called  mektm  {C^^^l^^y,  Liebig ;  or  C^H^N^ 
Gerhardt ;  calculating  from  Voelckel's  analysis)  ; — 


Suipbocjma.  AmttioQ« 


VdMD. 


8  (FI^N,  C^NS^)  =  4  CSa  +  8  IIS  +  5  II3N  +  C,,H,Nh. 


The  same  substance  may  be  procured  by  heating  an  intimate 


CVAXlvRtC    ACID. 


605 


'may  be  seen  by  tlie  following  equations,  which  illustrate  the  rela- 
tions of  composition  which  they  all  hear  to  cyanuric  acid  : — 

Cyftourif!  Acid. 


I 


I 

I 


Mclaraine    . 

Ammeline    . 
Melanuric  acid 
Ammelid 


C,H«N,     = 


3  HO,  CflNjOj  +3  HjN  —  6  HO 
q,  H,NA=    3  HO,  QN A  +  2  H,N  -  4  HO 
C,  H,N,0^=    3  HO,  C^N^Oa  +     H,N  —  2  HO 
C,,H,NA=  i(3  HO,  CsNp,)  +3  H3N  —  6  HO 
Cyamcliiric  acid  C,jH3Nj04  =  2(3  HO,  CBN3O3)  +     H^N  —  6  HO. 

The   formation  of  mclamiuc  and  of  ammeline  from  mclam  is 
readily  explained^  since 

C^I,Ni^  +  2  110  =  6^1^,  +  'CeHsN.OaJ 
(1363)  Cyanuric  Acid  {3  HO,  CflN^jOj,  4  Aq). — This  poly- 
rocride  of  cyanic  acid  may  he  obtained  in  various  ways.  i.  By 
the  action  of  sulphuric  acid  upon  nielam  or  its  derivatives,  as  just 
described.  2.  By  the  action  of  a  current  of  dry  chlorine  upon 
fused  urea;  sal-ammoniac,  nitrogen,  and  hydroehloric  acid,  arc  thus 
produced,  and  cyanuric  acid  is  formed  in  abundance :  the  sal-am- 
moniac may  be  removed  by  washing  with  cold  water,  and  the 
cyanuric  acid  may  be  crystallized  from  boiling  water,  3.  By  de- 
composing hydrochloratc  of  urea  by  licat :  if  the  compound  formed 
by  transmitting  dry  bydi-ocbloric  acid  gas  over  powdered  urea  be 
heated  to  293''  in  an  oil  bathj  rapid  decomposition  oecura,  sal-am* 
moniac  is  sublimed,  and  pure  cyanuric  acid  may  be  obtaioetl 
by  crystallizing  the  residue  from  boiling  water;  3  (CjH^N^O;;, 
HC1)"=  3(n.NCl)  +  (3lI0,C,NA)-  4^  By  heating  urea 
beyond  its  fusing  point  until  it  has  become  converted  into  a  dry 
greyish  mass,  resembling  ammelid  in  appearance  and  properties  ; 
when  this  residue,  which  consists  of  melanuric  acid  (C^H^N^O^), 
is  dissolved  in  hot  oil  of  vitriol,  to  which  a  small  quantity  of  nitric 
acid  has  been  added  for  the  purpose  of  removing  the  colour, 
cyanuric  acid  is  dcpositetl  on  diluting  the  liquid  moderately  with 
water.  5.  By  tlie  destructive  distillation  of  uric  acid  ■  cyanuric 
acid  being  one  of  the  products  obtained  in  this  operation* 

Cyanuric  acid  is  deposited  from  its  a(|ueous  solution  in  colour- 
less rhombic  prisms,  which  are  efflorescent.  It  is  sparingly  soluble 
in  cold  water,  more  freely  so  in  boiling  water,  and  is  also  some- 
what soluble  in  lK>iling  alcohol.  When  crystallized  from  hot 
hydrochloric  or  nitric  acid,  it  is  deposited  in  square-based  anhydrous 
octohedra.  By  long  boiling  with  the  concentrated  acids  it  is  de. 
composed  into  carbonic   acid   and  ammonia.     Wlien  crystallized 
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cyaiiuric  acid  is  distilled,  it  is  converted  into  hydrated  cyanic  i 
and  this  hydrate  in  a  few  minutes  begins  to  undergo  a  spoutane 

change  into  the  white  insoluble  compound  known  as  cyanielid  (41 
while  the  temperature  rises  spontaneously,  owing  to  the  solid 
tion  of  the  mass. 

Cyanmic  acid  is  generally  considered  to  be  tribasic  ;*  its 
witli  lead  and  with  silver  contain  3  equivalents  of  a  metallic  oxii 
Most  of  the  cyanurates  are  sparingly  soluble  in  water*  Those  of  \ 
alkalies  and  of  the  alkaline  earths  contain  only  two  equivalentaj 
fixed  base.  An  acid  cyanuratc  of  ammonia  (^II^NO,  2  HO,  C,jN| 
+  2  Aq)  may  l>c  obtained  in  brilliant  efflorescent  prisms;  and  an  1 
cyanurate  ui  potash  (KOj  2  110,  C^jN^O^)  is  deposited  in  anhydroa^ 
cnbcsj  when  acetic  acid  is  added  in  small  quantities  at  a  time  to^^ 
solution  of  cyanate  of  potash,  three  equivalents  of  cyanic  a^H 
coalescing  to  form  one  equivalent  of  the  polymeric  cyauuric  acid  :-^^ 

Ctanttti*  of  I'otiMih.  Ac^ptic  Acid*  AccUie  of  PoUah.  Cjanur»l*»  of  Pot 


3  (KO,  C^NOj+i  (HO,  C,H,0s):^2  (KO.  C,H,0^)  +  KO,  2  IIO,  C^N.O,, 
When  a  solution  of  a  salt  of  copper,  after  being  saturated  with 
ammonia,  is  mixed  with  a  solution  of  cyauuric  acid,  a  characterisi 
violet  prccijntate,  which   is   insoluble   in  cold   water,  is  formi 
Cyanurate  of  sUvtr  (Ag^OaCgNaOa)  is  white,  and  insoluble  iu  wai 
but  soluble  in  dilute  nitric  acid.      A  cyau urate  of  silver,  2  A 
HO,  C^N^Og,  may  also  be  obtained. 

(1364)  homerides  of  Cymmrtc  acid, — Sometimes  during 
preparation  of  cyan  uric  acid,  by  boiling  crude  mellon  (i3<^i)  w: 
nitric  acid,  crystals  of  an  acid  isomeric  with  the  cyanuric 
formcjfl.  It  crystallizes  in  long  obliciue  rbomboidal  prisms  which 
are  efflorescent :  it  resembles  cyanuric  acid,  but  is  distiuguis 
from  the  latter  by  its  greater  solubility;  Liebig  terms  it  cya. 
acid. 

Fidminuric  or  Isoct/anmic  acid,  (IIO,  CeN^ILO^), — This  is 
acid  receutly  discovered  about  the  same  time  by  Liebig  and  by 
Schischkoff.  Hydratcd  fulminuric  acid  contains  the  same  ele- 
TO  cuts  as  the  hydratcd  cyauuric,  but  it  is  a  monobasic  acid,  the 
elements  of  2  equivalents  of  water  being  united  with  those  of  3  of 
cyanogen  and  with  oxygen  to  form  the  acid»  The  salts  of  fulmi- 
nuric acid  are  obtained  by  boiling  one  of  the  fulminates,  sue 
as  fulminate  of  mercury,  with  a  solution  of  one  of  the  solul 
chlorides.   When  fulminate  of  mercury  is  thus  boiled  with  cblorid 
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•  Wnliler  rcgarda  cyanuric  acid  aa  dibu»ic»  rind  considers  thnt  1  cquii 
Ifnt  of  wat*?r  eulerd  into  tbe  compositioa  of  the  acid.  (Liebig *«  Aim 
hdu  341.) 
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of  potassiuni,  it  is  gradually  dissolvefl,  and  yellow  oxide  of  mercury 
is  separated  :  during  the  ftrst  part  of  the  operation,  tlie  liquid 
ap{>ears  turbid,  but  as  soon  as  this  appearance  ceases  it  is  filtered, 
aod  on  behig  evaporated  it  yields  brilliant  crystals  of  fulmiu urate 
of  potash.     The  decora  position  may  be  thus  represented; — 

FttlmlaAtie  oT  Meronrr.  Fiilminaruto  of  FolB«h, 

3(n^c,^fi,)  +  4H0  +  2e:ci  ^  2 (ko,  c.js,h,oJ 

+  4HgO  +  lUgCl 

In  short,  the  elements  of  3  equivalents  of  fulminic  acid  become 
condensed  and  form  2  equivaletits  of  fulmiuuric  acid*  The  ful- 
miiuiratcs  crystalline  with  great  facility;  they  possess  a  high  liLstre 
and  exert  a  great  dispersive  power  on  light ;  they  arc  deeomposed 
by  heat  with  a  feeble  explosion. 

It  thus  appears  (supposing  fulminic  acid  to  be  capable  of 
existing  iu  the  form  of  a  hydrate)  that  not  less  than  6  compounds 
polymeric  with  cyanuric  acid  might  be  produced,  viz* : — 


Cyanuric  acwl  .     . 

C„H,N,0« 

=     3  HO,  C«N,0, 

Cyaiiilic  acid   .      . 

QIlaN.Oo 

=    3  no,  c.N,o, 

Fulminuric  acid    , 

C«H,N,0. 

=         HO,  C«H,N,Oj 

Fuluiiiiic  acid  .     . 

C,H,N.,0, 

=      a  110,  C^NjOj 

Cvauic  acid 

CjII  N  Oj 

HO,  CjN  0 

Cynmclid    .     . 

.     CjII  N  Oa 

HN,CA 

I 

I 


It  is  a  remarkable  peculiarity  of  cyanogen  both  when  free  and 

when  in  combination,  that  it  exhibits  a  strong  tendency  to  form  new 
compounds  by  cotidensation  ;  thus  paracyanogcn  is  formed  by  the 
condensation  of  several  molecules  of  cyanogen  into  a  single  more 
complex  molecule  :  in  like  manner  the  liquid  and  solid  chlorides 
of  cyanogen  are  produced  by  the  condensation  of  several  mole- 
cules of  the  gaseous  chloride  into  one,  and  the  molecule  of  cya- 
nuric acid  may  be  obtained  by  the  condensation  of  3  molecules  of 
cyanic  acid  into  one  complex  molecule. 

( 1 365)  The  action  of  ammonia  upon  the  oxygen  acids  of  cyano- 
gen haii  not  been  fully  studied :  the  group  of  bodies  dcrivcfl 
from  melam  appears  to  be  intimately  related  to  the  amides  of 
cyanuric  acid,  and  would  well  repay  further  investigation.  The 
comjKmnds  of  cyanic  acid  with  ammonia  are  still  more  interesting, 
since  they  include  the  remarkable  substance  known  as  urea.  This 
substance  has  the  composition  of  cyanate  of  ammonia,  and  it  is 
always  produced  wlien  a  solution  of  cyanate  of  araraouia  is  evapo- 
rated. True  cyanate  of  ammonia  may  be  obtained  by  transmitting 
the  vapour  of  bydrated  cyanic  acid  into  gaseous  ammonia^  when  it  is 
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(1367)  I.  UitEA  (CjjH^N^O^). — ^This  im])ortant  compound  is  an 
essential  constituent  of  the  urine  of  animals ;  it  is  abundant  in 
that  of  the  mamnialia,  aud  particularly  so  in  the  urine  of  the  car* 
nivora;  but  it  has  also  been  met  in  the  urine  of  birds,  and  of 
amphibia.  Ui-ea  is  the  principal  outlet  for  the  nitrogen  of  tlic 
system,  after  the  materials  which  compose  the  animal  tissues  have 
experienced  oxidatiou  nntler  the  iuflueuce  of  the  respired  air,  a 
healthy  human  adult  excreting  about  an  ounce  of  urea  daily. 
Dumas  made  raauy  fruitless  attempts  to  effect  the  direct  conversion 
of  the  azotised  eoustituents  of  the  body  into  urea  ;  but  Bechamp  has 
recently  succeeded  in  obtaiuiug  this  result  by  subjecting  albumen 
to  the  oxidizing  action  of  permauj^^-anate  of  potash. — {Annaies  de 
Chimie,  IIL  xlviii,  348.)  Urea  is  not  formed  in  the  kidneys ; 
thaie  glands  appearing  to  act  somewhat  in  the  manner  of  filtei^Sj 
by  means  of  which  the  urea  is  separated  from  the  mass  of  the  bloodj 
in  which  it  exists  alrcarly  formed  before  reaeliing  tlie  kidneys. 

Urea  may  be  obtained  artificiaUy  in  a  variety  of  ways,  one  of 
the  most  remarkable  of  which  was  discovered  by  W older,  who 
showed  that  cyauate  of  ammonia^  which  is  mctameric  with  urea, 
when  evaporated  at  a  gentle  heat,  furnishes  urea : — 

Tliis  convei^sion  of  the  cyauate  into  urea  occurs  whether  it  he 
formed  by  the  direct  union  of  hydratcd  cyanic  acid  with  am- 
monia, or  by  the  double  decomposition  of  a  metallic  cyanate, 
sueh  as  cyauate  of  potash,  with  a  salt  of  ammonia*  Neither 
cyanic  acid  nor  ammonia  can,  liowcver,  be  discovered  in  the  com- 
pound obtained  ;  but  if  a  solution  containing  a  mixture  of  nitrate 
of  silver  and  urea  be  boiled  for  some  timCj  it  is  partly  rc&olved  into 
cyanate  of  silver  and  nitrate  of  ammonia. 

Urea  is  likewise  formed  during  the  action  of  peroxide  of  lead 
and  other  oxidizing  agents  upon  nric  acid ;  by  the  action  of 
alkalies  upon  alloxan,  and  upon  kreatine ;  as  well  as  by  the  action 
of  sulphuretted  hydrogen  upon  the  fulminate  of  mercury  or  of 
silver.  It  is  also  obtained  as  a  product  of  the  action  of  oxy- 
cbloride  of  carbon  upon  ammonia,  and  by  the  re- action  of 
ammonia  upon  carbonic  ether,  at  a  temperature  of  360^  (1006; 
Natanson.)    Urea  is  isomeric  with  carbamidCjif  not  identical  with 

it;  C,H,NA=    Hj  N,. 
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snluUe  in  wuter  and  in  hot  alcohol,  but  very  sparingly  so  in  ether. 
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furms  no  definite  comj 
salts,  such  as  sulphate  of  soda,  uf  their  water  of  crystallization 
when  triturated  with  them,  producing  a  soft  semi-fluid  magma. 
Urea  melts  at  ahout  248",  hut  at  a  temperatiu'e  a  little  above 
this  it  is  decomposed^  yielding  ammouia  and  carbonate  of  am- 
monia, whilst  a  white  amorphous  residue,  consisting  of  melanuric 
acidj  is  obtained  : — 

Ureflu  SrMaBUjrip  Add. 

4  (aH^NA)  =  QH^N^O^  -h  2  CO2  +  4  II3N. 

Previous  to  the  completion  of  tliis  change,  a  substance  termed 
biuret  (C^HgN^O.^,  2  Aq)  is  formed  (1372)* 

A  solution  of  urea,  if  pure,  may  be  kept  at  ordinary  tempera* 
tures  without  alteration,  and  it  may  even  be  boiled  without  under- 
going decomposition  ;  but  if  heated  in  a  sealed  tube  to  al>out 
284"  it  combines  with  4  equivalents  of  water,  and  is  converted 
into  carbonate  of  ammonia : — 

CaH^NA    +    4  HO    =    2  {H^NO,  COJ. 

The  same  change  takes  place  slowly  at  ordinary  temperatures  in 
the  presence  of  the  mucus  of  the  bladder,  the  animoniacal  odour 
acquired  by  urine  after  keeping  it  for  a  few  days  being  due  to  this 
alteration.  A  similar  dccounKjsition  into  eaihoiiic  acid  and  ammonia 
occurs  when  urea  is  fused  with  hydrate  of  potash,  or  treated  with 
concent  rated  sulphuric  acid. 

Chlorine,  when  transmitted  into  an  aqueous  solution  of  iu*ea, 
resolves  the  latter  into  carbonic  acid  and  nitrogen,  whilst  hydro- 
chloric acid  is  formed  i- — 

C.H.N.O,  H-  2  no  +  6  CI  =  a  COa  +  2  N  +  5  HCl. 
Urea  does  not  possess  well-marked  basic  properties,  but  it 
combines  with  certain  acids,  and  yields  erystallizable  compounds, 
which  preserve  a  strong  acid  reaction.  It  absorbs  hydrochloric 
acid  gas,  fi)rmiiig  a  deliquescent  mass  (C.H^KjO^,  HCl)  which  fuses 
at  a  gentle  heat  to  a  ycltovvish  od,  and  solidities  to  a  cry^stalline 
radiated  mass  as  it  cools  ;  water  decomposes  it  immediately.  The 
most  important  salts  of  urea  are  those  which  it  forms  with  nitric 
and  oxalic  acids.  In  combining  with  the  oxyacids,  urea  unites 
with  I  equivalent  of  acid  and  i  of  water.  Nitfate  of  urea 
(C^H^N^O.^,  HO,  NO.)  is  a  compound  wdiich  crystallizes  in  rhonibio 
prisms,  or  in  brilliant  leaflets  which  arc  sparingly  soluble  in  water, 
especially  if  it  contain  excess  of  nitric  acid.    It  is  sparingly  soluble 

H  R  2 


ill  alcohol-     Ojtalate  of  urea  [a  (C^H^NjOj,  2HO,(,0; 
«   ill  long  thin   tnins|jaretit    eparintgly  aotnUe  jim 
lOQsi  iiiiioluble  in  a  saturated  aqueous  soIoticooTook 
( 1 368)  ComptmmiM  of  Urea  wiih  Balis,  and  milk  MtUk 
Vte»  forma   detiuitc   corupounds    with   certatn  i&etdr 
ch  ftj^  those  of  silver  anil  of  mercury.      Its  compottDJ^' 
AgO,  CjH^NPj)  is  produced  by  digesling  at  a  genife 
LX!ipitatcil   oxide  of  silver    in    an   cxce^  of  a  foltitkHi'' 
grey  or  yellowish  crystalline    pKiwdcr    is   tlim  fimwi 

euch  compotuidA  may  be  obtained  w  itb  red  o]tide  of  mL**- 

IC,n,N,(\.  2  IlgO;  C,II,N,0^   3  HgO;    aud  C,H,NA 
^hc   firet  of  these   compounds  (CgH^NsOj,  2  HgO\  h 
hucees»ive  portions  of  red  oxide  of  mercury  siispemled  ift 
bixed  with  a  warm  solution  of  urea  ;    at  tin*!  the  oiiife  rf^ 
IB  completely  diasolvetl,  but  the  compound  in  quc&tioab 
dejiosited  as  a  white  |>owdcr,  which  becomes  yelloiridioi 
—  The  compound    (C.H^NaO^  3  UgO)    is  obtained  by  M^ 
^iK)ltUiou  of  urea  rendered  alkaline  by  potash,  a  solution  rf 
sublimate^    taking    care    to    maintain     an    exee^    of 
white  gelatinous  precipitate  is  formed,  which  when  wA 
is  converted  by  boiling  water  into  a  pale  yellow  «'raiml»f 
H  having  the    composition    above     indicated  ;     and    the 
"  (CjH^NjOj,  4  HgO)    is   obtained    by  precipitating  a 
nitrate  of  the   red  oxiJe  of  mercury  by  adding  it   to  la 
solution  of  urea,     (Liebig,  Chem,  Gaz.,  xii,  41.) 

When  asolution  of  the  nitrate  of  red  oxide  of  mercnir  I 

nitrate)  is  mixed  with  one  of  urea,  the  urea  enters  into  om 

tiou  witl*  the  salt  in  several  proportions.     If  warm  dilute 

^^  of  urea  and  the  nicrcurial  nitrate  be  mixed,  a  crystalline  preci 

^(4HgO,  NO4,  CsIl^N^Oa)  falls  as  a  heavy  granular  powder, 

consists  of  concentnc  groups  of  minute  needles.       But  if  i 

'^^  solution  of  the  nitrate  of  mercury  be  added  to  a  solution  of 

Bao  long  as  a  precipitate  is  formed,  and  the  whole  be  mairi 

Vat   a  temperature  of  from    104''  to    122**    F.,     the    precipe 

■  principally  composed   of  six-sidud  prisms,   eonsistiu"^   of  [^ 

NOfi,  CxH^NaO.^).      If  a  solution  of  nitrate  of  urea  be  pouw 

a  somewhat  dilute  sohition  of  nitrate  of  mercurv,  slii^ht}? 

lated  with   nitric  acid,  until  a  permanent   turbiditv   appcfl 

filtering  the  liquid  and  allowing  it  to  stand,  crystalline  cr 

small   shining  i-ectangular  tables  are  gradually    formed   (3 


I 


Nitrate  of  silver  forms  two  similar  compound*    (AjfO 
,H,N,OJ    and    [a  (Ago,  NO  ^    "  "  ^'.OJ,  i^Ui;,!,^ 
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readily  when  a  mixture  of  a  solution  of  urea  and  of  nitrate  of 
silver  is  evaporated  in  vacuo  over  sulphuric  acid.  Urea  also  com- 
bines witli  other  &aUs,  but  the  eomponnds  wkich  it  forms  with 
them  are  of  little  importance, 

(1369)  Liebiff^s  method  of  determimng  Chlorides  and  Urea  in 
Urine. — Tlic  foregoing  ol)servations  are  due  to  Lieljig,  who  luis 
founded  upon  them  a  method  of  determining  the  quantity  of  chlo- 
rine and  of  urea  in  urine,  which  is  valuable  when  such  analyses  are 
numerouSj  since  it  enables  a  large  number  of  comparative  es-peri- 
ments  to  be  made  in  a  short  time. 

1 .  For  the  Chlorine, — A  solution  of  urea  is  not  precipitated  by 
a  solution  of  corrosive  ssnblimate,  but  it  is  immediately  precipi- 
tated by  the  nitrate  of  the  red  oxide  of  mercury*  Solutions 
of  the  chlorides  of  the  metals  belonging  to  the  first  two  groups 
(439),  when  mixed  with  nitrate  of  mereurVj  become  decom- 
posed into  corrosive  sublioiate,  aud  a  nitrate  of  the  alkaline 
or  earthy  base  j  hence,  when  a  solution  of  chloride  of  sodium  is 
mixed  with  one  of  urea,  no  precipitate  is  occasioned  in  this  lifjuid 
on  the  addition  of  nitrate  of  mercury,  until  the  whole  of  the 
chloride  of  sodium  has  been  dccompased  by  the  mercurial  salt  j 
KaCl  -h  HgO,  NO,,  beeomiug  NaO,  NO^  +  ITgCL  After  this 
[joint  has  beeu  reached,  every  fresh  addition  of  the  mercurial 
nitrate  occasions  a  precipitate  of  the  compound  {4  llgO,  KO5, 
Call^NgO^)  ;  and  if  a  solution  of  the  mercurial  salt  of  known 
strength  and  free  from  excess  of  acid  be  prepared,  it  is  easy  to 
determine  the  quantity  of  chlorides  present  by  measuring  the 
volume  of  this  solution  which  it  is  necessary  to  add  to  a  given 
vulume  of  urine  before  it  begins  to  occasion  a  precipitate. 

2,  For  the  CVea.^Haviug  ascertained  the  number  of  divisions 
of  the  mercurial  solution  wliich  are  consumed  before  a  precipitate 
begins  to  be  formed,  a  measured  volume  of  a  standard  solution  of 
nitrate  of  silver,  sufficient  exactly  to  effect  precipitation  of  the 
chloriuc  thus  indicated,  is  added,  and  afterwards  the  urea  is  deter- 
mined by  means  of  the  solution  of  nitrate  of  mercury.  The 
following  are  the  details  of  the  operation  : — 

J.  Prtparafion  of  ihe  Solution  of  Nitrate  of  Mercury  No,  i, 
employed  for  iletermining  ihe  Chlorine. — Pure  crystals  of  subnitrate 
of  mercury  are  to  be  dissolved  in  moderately  strong  nitric  acid,  and 
the  solution  is  to  be  heated  until  a  sample  is  no  longer  rendered 
turbid  by  chloride  of  sodium*  The  solution  is  next  to  be  evaporated 
m\  a  water-bath  to  a  syrupy  consisteuce,  and  diluted  with  about  ten 
times  its  bulk  of  water;  it  is  then  set  aside  for  twenty-four  hours, 
and,  if  ncce^sarVj  filtered.     In  order  to  graduate  the  solutiouj  it 
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Before  determining  the  urea  in  iiriiiCj  it  is  nccessnry  to  re- 
move the  pliosphoric  aeid  eontained  in  the  liquid.  This  is  effected 
by  means  of  a  mixture  of  two  volumes  of  cold  saturated  baryta 
tvater,  and  one  volnme  of  a  cold  saturated  solotioii  of  nitrate  of 
baryta.  A  glass  eylindcr  of  about  one  on  nee  in  eapacity  is  tilled 
to  overflowing  with  urine,  the  excess  being  removed  by  causing  a 
glass  plate  to  slide  over  the  mouth  of  the  cylinder;  two  such 
cyliuderfuls  are  to  be  poured  into  a  bcaktT,  and  mixed  with  one 
eyiinderfiil  of  the  bar^^ta  solution.  The  precipitate  thns  formed  is  to 
be  liltered  off,  and  the  amount  of  cldoride  of  sodium  in  22^  grain 
measures  of  the  iiltrate  {—150  grains  of  uriue)  is  to  be  determined 
by  adding  tlie  standard  solution  of  mercury  No.  i,  till  a  cloutli- 
iiess  appears:  450  grains  more  of  the  filtrate  (  —  300  grains 
of  urine)  are  then  to  be  measuref!  otT  into  a  separate  vessel,  and 
mixed  with  a  quantity  of  the  standard  solution  of  silver,  equal  to 
twice  that  of  the  mercurial  solution  employed  iu  the  preceding 
experiment.  The  liquid  is  to  be  filtered,  and  a  hulk  of  the  filtrate, 
equal  to  225  measured  grains  +  half  the  volume  of  silver  solution 
used,  is  to  be  employed  fur  the  determination  of  the  urea.  This 
quantity,  which  corresponds  to  1  50  grains  of  urine,  is  to  be  poured 
into  a  lieaker,  and  the  graduated  mercurial  solution  No.  a  added 
from  a  burette,  with  frequent  stirraig,  until  no  further  increase  of 
the  precipitate  is  perceptible.  In  order  to  ascertain  whether  a 
sufficient  quantity  of  the  mercurial  solution  has  been  added,  a  few 
drops  of  the  turbid  liquid  arc  to  be  removed  with  a  pipette  into  a 
watch-gliiss,  and  z  or  3  drops  of  a  solution  of  carbonate  of  soda 
allowed  to  flow  from  the  edge  of  the  glass  into  the  liquid.  If, 
after  some  minutes,  the  mixture  retain  its  white  colour,  a  further 
quantity  of  the  mercurial  solution  is  to  he  added,  until  a  fresh 
sample  plainly  exhibits  the  yellow  colour  after  the  addition  of  the 
carbonate  of  aotla. 

Pieard  lias  successfully  applied  a  modification  of  this  method 
to  the  detection  of  urea  in  he:dthy  blood,  and  he  has  even  suc- 
ceeded in  estimating  the  diflercuce  in  the  quantity  of  urea  con- 
tained in  the  blood  of  the  renal  artery,  and  in  that  of  the  renal 
vein  after  the  blood  has  undergone  tlie  depurating  influence  of 
the  kidney.      {Vf/mptv»  Rendm,  Sept.  8,  1H56.) 

(1370}  Compound  Ureas.-^A  rcnuu'kable  series  of  compounds 
may  be  obtained  from  lu'ea  by  the  displacement  of  a  certain  number 

I  of  the  equivalents  of  hydrogen  ^v  hieb  it  contains.  The  fonnatiou 
of  these  compounds  is  most  readily  explained  upon  the  hypothesis 
that  urea  is  the  diauiide  (1051)  of  carbonic  acid,  this  acid  being 
regarded,  as  Gerhardt  considei^  it,  in  the  light  of  a  dibajsic  acid  : 
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Svliich  have  been  eaUed  tireide^ ;  that  is  to  say,  salts  of  urea  from 
which  the  elements  of  water  have  been  abstraeted.  WheUj  for 
instance,  a  mixture  of  two  equivalents  of  urea  with  one  equiva- 
lent of  one  of  the  oxychlorides  of  tlie  acids  (1097)  is  heated, 
decomposition  occurs,  and  a  urcide  is  formed.  Thus,  if  urea 
be  heated  to  300°,  or  310'',  and  then  gradnally  mixed  with 
eiihjride  of  benzoyl,  taking  care  that  the  temperature  shall  not 
exceed  320"*,  the  mass  becomes  pasty,  the  odour  of  chloride  of 
benzoyl  disappears,  and  benzureide  is  left  in  the  form  of  a  crystal- 
line  powder,  which  is  soluble  in  alcohol  but  insoluble  in  ether : — 
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Chloride  of  othyl,  chloride  of  butyryl,  and  chloride  of  valeryl, 
xnay  be  made  in  like  manner  to  yield  respectively  actiurtide 
(H3,  CJIA,  NXA)  ;  bulyrureide  "(Hjj,  QHyO^,  NjjC.Uy)  ;  and 
valtrurvide  (H^,  Ci^HgO^j,  N;^C\0^).      (Ziniti.) 

Besides  these  urcides,  there  are  various  comi>ounds  known 
which  bear  a  relation  to  urea  similar  to  that  of  the  amidatcd  acids 
to  ammonia  : — for  example,  allophanic  acid  (1008  ;  110,  (\IL,N.A) 
may  be  regarded  as  carbureic  acid,  analogous  to  earbamic  acid : 
oxaluric  acid  (1388)  may  in  like  manner  be  viewed  asoxnlureie  acid  ^ 
whilst  parabanic  acid  (1389)  would  represent  the  imide  correspond- 
iug  to  oxaluric  acid  (Gerhardt)  thus  i~ 


CArbfttnic  Add. 


I}ic*H}of»al«  of  Asunonii. 


HO,  HaNCjO,       =      HaN,  a  HO,  C,0^     —  2  TIG ; 


Allopluuiio  Add< 


Hjpotbritcftl  CirbofiJite  of 
UrcA  Aod  Wtttcr. 


HO,  QHj,N,0^  C,Oj  =  CjH^NjO,,  a  HO,  C,0*  —  3  HO ; 


OiaJoric  Acid. 


H7iK>thetic«l  OialatA  of 
Un»R  AD  J  Wfct«r, 


I  2  HO,  C,NA 

'  (137a)  Biuret  (C,!I,N30„  2  Aq  =  110,  H,NO,  2CyO,  2  Aq).— 
This  compound  has  the  composition  due  to  bicyanate  of  ammonia, 

H   to  which  it  appears  to  stand  in  a  relation  similar  to  that  which  exists 

■  between  urea  and  cyanate  of  ammonia.  It  is  prepared  by  melting 
urea  for  some  time  in  an  oil  bath  at  a  temperature  between  300'  and 

B  340°*  When  the  disen^o^etnent  of  ammonia  has  ceased  and  the  nia&s 


HO,  CjllsNA,  CA  =  C,H,N,0^  2HO,  CA  —  ^  HO; 

PAr»b»tile  Acid. 

''  =C^H^A.3H0,cib«  — 4HO. 
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reatiiiiiie  remains  iincliaiigefL  Both  krcatine  and  kreatiiiiiie 
were  originally  tliscovered  among  the  coiistitaenta  of  tlie  fluids 
contained  in  muscular  tissacs,  whence  they  derive  tlieir  name, 
from  Kpin^t  flesh*  There  can  be  little  doubt  but  that  they  arc 
products  of  disintegration  of  the  muscular  tissue,  and  that^  like 
urea,  they  are  destined  either  for  ulterior  change  in  the  economy, 
or  for  immediate  rejection  as  excrenicntitious  matter. 

2.  Kreaiiue {C^lly^^O^jZAq), — Kreatiiie  is  present  in  the  juice  of 
the  flesh  ill  very  small  proix>rtion,  a  pound  of  flesh  yielding  on  an 
average,  according  to  Gregory,  about  five  graius;  the  quantity,  how- 
ever, varies  in  the  flesh  of  diflerent  animals.  Tlie  flcsli  of  the  common 
fowl  was  found  by  Gregory  to  contain  more  kreatine  than  that  of 
any  animal  upon  which  bis  experiments  were  made  ;  but  cod  fisli  i« 
the  cheapest  source  of  kreatine  :  io»ooo  parts  of  fi'Csh  cod  funiiish 
from  9  to  17  parts  of  kreatine,  whilst  the  same  weight  of  fowl 
furnishes  32  parts.  The  best  process  consists  in  chopping  up  raw 
cod  finely,  mixing  it  with  an  equal  weiglit  of  water,  and  expressing 
the  liquid.  This  liquid  is  next  heated  sufficiently  to  coagulate  the 
albumen,  taking  care  to  avoid  ebullition,  after  which  it  is  filtered. 
Baryta  water  is  then  added  cautiouHly,  so  long  as  it  occasions  a 
precipitate;  the  liquid  ij*  again  filtered,  to  separate  the  phosphate  of 
bftiyta;  and  the  filtrate,  on  being  evaporated  to  a  very  small  bulk, 
yMdl  crystal*  of  nearly  pure  kreatine.  It  may  be  rendered  quite 
pure  by  a  second  cr}^stallijsation* 

Krejitine  crystallizes  in  eoloiu*less,  transparent,  brilliant,  ob- 
liijuc  prisms^  which,  when  heated  to  212^,  become  opaque,  and 
lose  their  water  of  crystallisation.  Kreatine  is  sparingly  soluble 
in  cold  water,  of  which  it  requires  75  times  its  weight  for 
solution ;  it  is  freely  dissolved  by  boiling  water.  Alcohol,  when 
cold,  scarcely  dit^solves  it ;  it  is  insoluble  in  ether.  The  aqueous 
solution  has  a  weak,  bitterish  taste.  Although  kreatine  is 
neutral  to  test  papers^  it  forms  definite  compounds  witli  some  of 
the  acids.  The  hyfirocklorate  of  kreatine  (C^Hj^N^O^,  llCl)  forms 
colourless,  weiUdL'tiucd  crystals,  which  arc  soluble  iu  water.  It 
may  be  prepared  by  mixing  solutions  of  equivalent  quantities  of 
hydrochloric  acid  and  kreatine,  and  evaporating  in  vacuo ^  or  by 
a  temperature  not  exceeding  90^.  The  sulphate  {^'"^^^^^S^xt 
HO,  SO3)  may  be  obtained  iu  a  similar  manner;  the  nitrate 
(Csll^NaO^,  HO,  NO^)  may  also  be  obtained  in  brilliant  crystals, 
which  have  a  very  sour  taste. 

When  kreatine  is  boiled  with  oxide  of  mercury  the  oxide  is 
reduced^  and  a  basic  substance  is  formed,  which  Dcssaignes  calls 
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T)eoomes  converted  into  a  magma  of  white  needles,  wlueh  are  very 
soluble  ill  }K>iling  water;  and  a  similar  compound  is  formed  when 
a  solution  of  corrosive  sublimate  is  substituted  for  that  of  nitrate 
of  i^ilvcr,  T!ie  chloride  of  xine  and  kreatiuine  (CJI^N^O^,  ZnCl) 
is  also  sparingly  soluble.  With  the  salts  of  copper,  kreatinine 
forms  a  blue  crystal! izable  compound.  Both  the  sulphate  and  the 
liydrochlorate  of  kreatinine  may  readily  be  obtained  in  crystals. 

(137.5)  4"  Sarkosine,  from  dupi,  tlesli  (QjH-NOJ.— In  order  to 
prepare  this  alkali,  the  solution  of  kreatinc  must  be  boiled  with  ten 
times  its  weight  of  hydrated  baryta  until  all  odour  of  ammonia  shall 
have  disappeared.  The  excess  of  baryta  is  to  be  removed  by  a  current 
of  carbonic  acid  gas  ;  the  solution  is  to  be  boiled,  filtered,  and  evapo* 
rated  to  the  consistence  of  syrup,  from  which  the  sarkosine  may  be 
obtainc<l  in  foliated  crystals.  In  order  to  ensure  its  purity  it  may  be 
converted  into  the  form  of  sulphate,  the  aqueous  solution  of  which 
may  be  decom|>oscd  by  pure  carbonate  of  baryta.  Sarkosine  crys- 
tallizes in  right  rhombic,  perfectly  transparent,  colourless  prisms, 
which  are  freely  soluble  iu  water,  sparingly  so  in  alcohol,  and  inso- 
luble in  ether.  At  a  tcm]>craturc  a  little  above  212°  they  melt,  and 
may  be  sublimed  unchanged.  Its  aqueous  solution  has  a  sharp, 
sweetish,  somewhat  metallic  taste,  but  has  no  action  on  vege- 
table colours.  It  forms  cry s^tal livable  salts,  which  have  an  acid 
reaction.  The  sulphate  (C^llyNO^,  HO,  SO3,  Aq)  crystallizes  iu 
colourless  quadrangular  cubes.  With  bichloride  of  platinum,  sar- 
kosine gives  a  doable  salt,  wliich  by  spontaneous  eva|K>ration  may 
be  obtained  in  large  yellow  tiatteued  octohedra  (CgHyNO^,  IICl, 
PtClj,  2  Aq).  Sarkosine  is  isomeric  with  alanine  and  carbamic  ether 
(lu^thane),  as  well  as  with  lactamide,  but  quite  distinct  from  all 
these  bodies  in  properties,  add  is  distinguished  horn  them  by  its 
insolubility  in  ether  and  in  alcohol. 

{1376)  5.  Meiki/luraiiunt(CJrijN^), — When  an  aqueous  solution 
of  krcatine  or  of  kreatinine  is  boiled  with  oxide  of  mercury ,  car- 
bonic acid  is  evolved,  the  oxide  is  reduced,  and  on  evaporating  the 
solution  a  copious  crystallization  of  oxalate  of  uiethyluramine  takes 
place  :— 

"a(C,H,N,Oj  +  ioB:gO=2C,H.N,,  aHO,  C^,4-4C03+3  HO+ioHg. 

When  the  oxalate  of  the  base  is  decomposed  by  milk  of  lime, 
mcthylnraminc  is  liberated,  and  may  be  obtained  in  the  form  of  a 
colourless  deliquescent  mass,  by  evaporating  the  solution  in  vacuo. 
It  is  powerfully  alkaline,  and  absorbs  carbonic  acid  rapidly  from  the 
air.   It  has  a  caustic^  somewhat  ammoniacal  ta^tc.    When  heated  on 
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nine.  Indeed,  the  true  amides  are  all  dccoinposecl  iuto  salts  of  am- 
monia when  boiled  with  dilute  acids,  whereas  the  compounds  of 
the  glycot'iuc  scries  may  be  boiled  with  dilute  acids  for  hours 
without  decomposition. 

(1378)  6,  Giycocine  or  Ghjcocoil  (CJIsNO^  or  C^H^NO^,  HO). 
— ^Tbis  substance  is  one  of  the  products  of  the  decomposition  of 
gelatin  when  boiled  with  dilotc  sulpburic  acid  j  after  rcnioviug  the 
acid  hy  means  of  carbonate  of  baryta^  the  giycocine  may  be  pro- 
cured in  crystals  on  eva|>oi*ating  tlie  solntiou.  It  may  also  ho 
obtained  by  heating  gelatin  with  solutions  of  potash  or  of  soda. 
But  it  is  most  easily  obtained  iu  a  state  of  purity  by  boiling 
Iiippuric  acid  with  bydrocbloric  acid  (i2i5);  as  the  liquid  cools, 
benzoic  acid  is  separated  in  abundance,  and  giycocine  remains  in 
combination  with  bydrocbloric  acid  i — 

niptpune  Add.  IIj*1ro(?hlor.  nljccN?ii)«,  Bensoie  Add. 

HO,  C^,HaN0,  +  HCl  +  2  nO^CiH.NG^,  HCl  +  HO,  CnHaO,. 

On  tbe  addition  of  absolute  alcohol,  after  the  solution  has  been  con- 
centrated by  evaporation  and  su|xjrsatut'atcd  with  ammouiaj  pure 
giycocine  is  deposited  in  minute  crystals.  Giycocine  may  also  be 
obtained  from  glycocholic'  acid,  one  of  the  resinous  acids  of  tbe  bile 
(1439)  when  it  is  decomposed  by  ebullition  with  hydrochloric  acid. 
Pure  giycocine  has  a  sweet  taste^  which  is  less  intense  than  that 
of  cane-sugar :  it  is  freely  soluble  in  water^  but  less  so  in  rectilicd 
alcohol ;  it  is  insoluble  in  absolute  alcohol  and  iu  ctlicr.  Giyco- 
cine crj'stallizes  readily  by  spontaneous  evaporation  of  its  aqueous 
solution.  It  is  not  susceptible  of  tbe  alcoholic  ferment atiou.  Its 
solution  has  the  power  of  reddening  Htmus  feebly*  It  throws  down 
metallic  mercury  from  a  solution  of  the  sub-nitrate  of  this  metab 
Giycocine  has  a  strong  tendency  to  combine  with  the  acids,  with- 
out, however,  neutralizing  them  ;  many  of  these  compounds,  such 
as  the  nitrate  (CJI^NO^,  IIO,  NOJ,  crystallize  readily;  the  sul- 
phate, the  oxalate,  and  the  hydrochlorate  may  also  be  obtained 
in  crystals,  A  large  number  of  the  metallic  oxides  also  com- 
bine  with  giycocine,  di?5placing  an  equivalent  of  water  from  it, 
and  forming  with  it  soluble  com|K>unds,  which  may  be  obtained 
in  crystals  ;  this  is  the  case  with  the  oxides  of  zinc,  of  copper, 
of  lead,  of  barium,  and  of  silver.  These  compounds  may  l>e 
obtained  by  heating  the  hydrated  oxides  of  the  metals  with  a 
solution  of  giycocine.  When  giycocine  is  boiled  with  acetate  of 
copper,  acetic  acid  is  expelled,  and  a  componnd  of  giycocine  with 
oxide  of  copper  is  obtained  in  solution.  If  giycocine  be  heated 
with  a  strong  solution  of  potash  it  gives  a  fleeting,  beautiful  fiery- 
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by  evaporation,  and  a  considerable  proportion  of  hydrochlorate  of 
ammoBia  is  separated  in  crystals.  The  mother  liquoi's  retain 
hydrochlorate  of  akidne,  Tkey  must  be  boiled  with  hydrated 
oxide  of  lead  J  which  is  to  be  added  in  small  portions  to  the  boil- 
ing liquid  until  it  ceases  to  occasion  a  disengagement  of  ammonia. 
The  liquid  is  then  to  be  decanted  from  the  precipitate,  beated 
with  sulphuretted  liydrDg:en  to  remove  the  excess  of  lead,  filtered 
and  evaporated.  Alanine  crystallizes  out^  and  if  the  mother  liquor 
be  mixed  with  alcoliol  it  furnishes  an  additional  quantity*  The 
reaction  by  which  alanine  is  formed  may  be  thus  represented  :^ 


Aidphrd  Ammonia. 


Alanine. 


8&i'a.ininoniAc. 


H3N,C,HA+  H,C,N  +  HC1+  2  H0  =  CeH7N0^  +  H^N,  CL 

Alanine  crystallizes  in  groups  of  colourless  prisms,  which  are 
soluble  in  between  four  and  live  parts  of  cold  water,  but  are  very 
sparingly  soluble  in  alcohol,  and  insoluble  in  ether.  Its  aqueous  so- 
lution has  a  very  sweet  taste :  it  is  without  action  upon  test-papers. 
Alanine  may  be  partially  sublimed  at  a  temperature  a  little  above 
400°.  If  heated  suddenly,  it  melts  and  is  decorapoBed  ;  when 
heated  on  platinum  foil  it  bums  with  a  violet  flame.  Hydrate  of 
potash  (leconiiK>ses  it,  ivith  disengagement  of  ammonia  and  of 
hydrogen,  whilst  acetate  of  potash  and  cyanide  of  potassium  arc 
obtained.  When  distilled  with  dilute  sulphuric  acid  and  peroxide 
of  lead,  carbonic  acid,  ablehyd,  and  ammonia  are  formed.  But 
its  most  interesting  metamorphosis  is  that  which  it  undergoes 
when  the  aqueous  solution  is  tre-ated  with  nitrous  acid,  in  which 
case  lactic  acid  is  formed^  whilst  nitrogen  is  liberated : — 

Alaaioe^  Lftctic  Acid, 

^(C.HyNOJ  +  2NO,=.7liO,  C,,HioO,a  +  2  HO  +  4N. 

Alanine,  like  glycocine,  forms  numerous  compounds  both 
with  acids  and  with  bases ;  many  of  them  may  be  obtained  in 
crystals,  hut  they  are  all  very  soluble. 

The  compounds  (C^H^NOi)  and  (Ci^,Hj|KOJ,  intermediate 
between  alanine  and  leucine,  in  the  glycocine  series,  and  correspond- 
ing to  the  aldehyd- ammonias  of  propionic  and  butyric  acids,  have 
not  as  yet  been  prepared. 

(1380)  8.  L€U€tne,Ca8eou0  oxide  Of  AposepedinelC^^U^^'SO^}.^^ 
Various  decompositions  give  rise  to  the  formation  of  thih  body  ;  for 
example,  it  is  one  of  the  products  of  the  putrefaction  of  casein,  or  of 
cheese,  of  muscle,  and  of  gluten,  in  the  presence  of  water  j  it  in  also 
amongst  the  compounds  obtained  by  the  action  cither  of  Nulphitiio 
PARr  in*  IS 
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is  sparingly  soIuIjIc  in  cold  watcr^  but  freely  so  in  Ijoiling  water. 
The  presence  of  acetic  acid  or  of  acetate  of  potasli  favours  its  solu- 
tion both  in  water  and  in  alcohol.  Cold  absolute  alcohol  di:ssolves 
it  very  sparingly,  and  it  is  insoluble  in  ether.  It  is  however 
easily  soluble  in  dilute  solutions  of  the  acids,  with  many  of  which 
it  forms  crystal lizable  compounds  ;  the  hydrochhrate  of  leucine 
(Ci^Hi^NO^,  HCl)  is  very  soluble  in  water;  the  niirale  of  leucine 
or  nitroleucic  acid  (CijHi^NO^,  110^  NO5)  crystallizes  in  colourless 
needles.  An  aqueous  solution  of  leucine  occasions  a  white  preci- 
pitate with  subacetate  of  lead ;  and  if  to  a  boiling  solution  of  leu- 
cine mixed  with  the  neutral  acetate  of  lead  ammonia  l)e  cautiously 
added,  pearly  scales  (PbO,  CiaHi^NO^)  are  deposited.  Leucine 
also  precipitates  subnitrate  of  mercury  (Braconnot)  but  no  other 
metailie  solutions. 

Leucine  J  when  distilled  with  peroxide  of  le^d  furnishes  am- 
monia and  butyric  aklehyd.  If  it  be  distilled  with  dilute  sulphuric 
acid  and  peroxide  of  manganese,  valerouitrile  with  cai'boiiic  acid 
and  water  are  pi'oduced  : — 

Leticine.  Valffonifrilc- 

C^aHiaNO^  +  4O  =  C^g^ -h  3  CO^  +  4  ^O. 

If  leucine  be  fused  with  hydrate  of  potash  it  yields  valerate  of 
potashj  whilst  ammonia  and  hydrogen  are  liberated : — 


Leuoiuo, 
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Pure  leucine  is  stated  also  to  undergo  a  similar  decomposition 
when  caused  to  ferment,  by  the  addition  of  a  small  quantity  of 
muscidar  fibre,  or  of  albumen.  When  an  aqueous  solution  of 
leucine  is  submitted  to  the  action  of  nitmus  acitl,  the  leucine  is 
decomposed  with  liberation  of  nitrogen  and  the  formation  of  leucic 
acid  (2  HOj  CiJl^^^iQ),  just  as  glycolltc  and  lactic  acids  are 
formed  from  glycociuc  and  alanine  under  similar  circumstances. 

(1381)  9.  Tyromie  {CifiHiiSOf^;  llinterberger). — Tins  substance 
was  obtained  by  Liebig  from  the  products  of  the  fusion  of  well- 
dried  cheese,  fibrin,  or  albumen,  with  hydrate  of  jjotusb,  in  the 
manner  described  when  treating  of  the  preparation  of  leucine. 
The  crude  crystals  of  tyrosine  must  be  rcdissolved  in  a  solution  of 
potash,  and  precipitated  with  acetic  acid.  If  coloured  it  must  Ije 
converted  into  hyckochlorate,  digested  w^itb  animal  charcoal,  and 
the  filtered  liquid  whdst  boiling  must  be  mixed  with  acetate  of 
potash ;  chloride  of  potassium  is  thus  formed,  and  tyrosine,  free  from 
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acetic  acid,  h  ik*pobltc<l  in  longf  fibrous 
found  among  tlie  prothicts  of  the  putrt 
and  ca&ciii,  and  it  is  prodncetl  together  with  leucine  wben  ib 
albuminoid  bodies  are  boile<l  for  some  hours  with  dilute  vai^ 
or  liydrocldoric  acid,  Horn,  feathers,  ami  hair,  also  jieUfCl 
this  treatment : — one  part  of  horn,  4  of  oil  of  ritriol^  and  wi 
water,  if  hoi  let!  for  forty  hours,  furnish  a  dark  brown  fluid,  'id 
at  the  end  of  that  time  must  be  rendered  alkaline  by  the  aiiiiiticti 
milk  of  lime,  then  heated  and  filtered  :  sulphuric  iidd  mB»t 
he  added  to  neutralization,  and  on  evaporation,  cry  staU  of 
are  deposited  ;  tliey  may  be  purified  in  the  manner  already 
The  formation  of  leucine  appears  to  precede  that  of  tyrowne. 
when  prepared  by  moans  of  acids,  and  when  the  hydrated  atofc 
arc  employed  in  eflTecting  their  production.  This  is  readily 
for  when  the  composition  of  the  two  bodies  is  borne  in  miai^- 

Lefidn«.  Tyrosine. 

7W?nN(\)  =  2  (Ci.HnNO,)    +    H^^   ^   14  H 
Tyi'osine  appears  also  in  certain  eases  to  be  a  direct 
of  the  chemical  actions  in  the  living  animal^  since  it 
by  De  La  Hue  ready  formed  in  the  cochineal  insect. 

Tyrosine  forms  long  filirous  crystals,  which  are  very 
soluble  in  cold  water,  and  nearly  insoluble  in  alcohol  ajiif 
boiling  water  dissolves  it  in  considerable  quantity »      Althi 
ftohition^  are  neutral  to  test  pa|>er,  it  is  freely  soluble  Ijotli 
and  iu  alkaline   solutions*      When  treated  with  hot  nitric  adl 
yields   oxalic   acid;  and  if  cold   dilute   nitric  acid  be  empkji 
nitrate  of  mtrotyrosim  (Cu^H^^NOj,  XO^,  HO,  NO^)  is  fom^ 
very  delicate  test  of  the   presence  of  tyrosine    is    afforded  by  fl 
formation  of  a  red  floceulent  precipitate  when  its  solution  is 
with  a  nearly  neutral  solution  of  nitrate  of  the  red  oxide  of 
cury,  and  if  the  solution  be  very  dilute  a  rose-red  colour  is  deri 
in  the  liquid  (Reinhold  Hoffmann).      Tyrosine  evidently 
to  a  ckftis  of  compounds  different  from  those  homologous  with 
cocine.     It  is  a  body  which  from  the  frequency  of  its  occi 
amongst  the  products  of  the  decomposition  of  azotised 
merits  a  more  comulcte  examiuation  than  it  has  a&  vet. 
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imoiiia  it  constihites  almost  the  whole  of  the  excrement  of 
srpeutj*,  such  as  the  bou.  The  beds  of  gixatio  found  iii  the  raiu- 
islands  of  the  Pacific,  which  are  formed  of  the  accu- 
iiilatcd  excrements  of  coiinllesa  generations  of  sea-fowl,  consist 
lietly  of  orate  of  ammonia,  whicli  has  undergone  decomposition 
ore  or  less  extensive.  When  uric  acid  is  secreted  in  excess  in 
aan,  it  is  often  deposited  from  the  urine  in  the  form  of  hard 
yprjstaMine  grains,  forming  what  is  eommonly  termed  red  gravel  j 
Br  it  collects  into  larger  masses  which,  if  retained  in  tlie  bladder^ 
Bpradualiy  acf|nirc  considerable  size,  and  constitute  the  mosit  usual 
^^ariety  of  nrioary  caleulns.  In  gouty  patients  also  nric  acid  not 
unfrequently  accumulates  around  the  joints  atibcted :  and  in  com- 
^biriation,  principally  with  soda,  forms  the  white  friable  concretions 
■often  improperly  called  chalk  stones, 

■  Uric  acid  is  best  prepared  from  t!ie  dried  urine  of  the  boa  by 
Mdissolving  i  part  of  the  powdered  mass  in  from  40  to  50  parts  of 
P>oding  water,  to  wliicb  an  excess  of  pota.^b  is  added,  sufficient  to 

bring  the  whole  of  the  acid  into  solution  i  during  this  operation 
ammonia  cscafjcs  abundantly.  The  heat  must  be  contituictl  until 
the  ammouiacal  odour  has  di&iappeared.  The  brownish  liquid  thus 
procured  contains  an  iiopure  urate  of  potash,  whicli  must  be  filtered 
while  hot,  and  dea>m posed  by  adding  a  slight  excess  of  hydrochloric 
iJBxdd.  Uric  acid  is  immediately  separated  in  minute  white  crystals; 
these  must  be  washed  with  cold  water,  dissolved  a  second  time  in 
potash,  and  once  more  precipitated  by  hydrochloric  acid ;  the  pro- 
(duct,  after  being  thoroughly  washed,  and  then  dried,  is  (juite 
(pure.  Uric  acid  cry^^tallizes  in  rhombic  tables,  tlie  outlines 
[of  which  are  frequently  *  rounded ;  but  when  it  is  deposited  from 
[animal  fluids  the  form  of  the  crystals  is  often  much  modified. 
If  a  cold  saturated  solution  of  urate  of  ixjtasli  l>e  deconi|K)sed  by 
_  liydrochloric  acid,  large  crystals  of  the  acid  arc  obtained  with  4  Aq, 

■  This  water  is  expelled  when  the  acid  is  heated  to  212°.* 

■  Piure  uric  acid  is  a  white  crystalliuc  powder  requiring  10,000 

■  parts   of  cold  water  for  solution,  to  which,  however,  it   imparts  a 

■  feeble  acid  reactiou.  Uric  acid  is  insoluble  in  alcohol  and  in 
ether,  but  it  is  dissolved  by  concentrated  sulphuric  acid,  and 
is  deposited  in  a  by d rated  condition  on  diluting  the  solution, 
llie  urates  of  potash  and  of  ammonia  are  more  soluble  than  the 
free  acid,     The  acid  urates  of  ammonia,  of  soda,  and  of  lime  are 


•  When  uric  acid  ia  long  boiled  with  a  solution  of  potafib*  6  cquivalenta 
[  of  water  are  asisimilatod,  and  uroxinwie  (^f  potash  (1  KO,  C,„H„X^O,„  G  Aq)  ia 
formed  in  .small  (jiiaatity.     On  the  additioa  of  a  strong  aeid,  urosjimc  acid  ia 
[•eparatjd  in  aparm^ly  soluble  microscopic  tctrahcdral  crystals. 


ifmc  ACt0-^niATes. 


tDfredieiits  of  tintiArjr  Cfilculi ;  the  pniportio 


wtH,  liawcTer*  i«  alwafs  fctjr  i 


The  reaction  of  uriei 


ttinie  acid  iml  snunoiik  ii  highly  characteristic,  ami  it 
the  acid  to  be  detects  tii  tviy  minute  qusuititi^ ;  the  m 
fwcwding  will  be  described  under  the  head  of  murapd  |i| 

(1385)  IValef. — Uric  add  is  dibasic*  lU  salts  m 
ctnMif  eiiiniiird  bj  Banach  (Laebig'a  AnnaL,  lir.  189 J 
181).  All  tba  urates  are  but  sparingly  soitible  in  vak^ 
an  Biiich  more  loliible  in  alkaluie  solutions,  especol^ 
hialed.  Tbejr  are  also  fireeljr  aolable  tu  solutioQa  ol 
TSao  nratci  of  potaih  may  be  formed  :  the  acid  salt  (KI 
r^HjVfl^  is  the  one  beat  known.  It  is  precipitati 
gfaovlar  fom  wbco  carbonic  add  ia  traosmitterl  througtt 
tioii  of  the  neutral  salt.  It  is  soluble  in  about  80  parts  0^ 
W9^bm,6om  which^  on  eooling^  it  is  deposiied  in  amorphoosl 
k  PW[aifea  about  800  parts  of  cold  water  for  solution*  TU 
arale  qfpoioBk  (aKO,  C,.,HjX|0|)  is  obtained  by  saturatiii 
dihite  lolutkm  of  potash,  free  from  carbonate,  with  uric  ^ 
pcoded  in  water,  and  boiling  down  the  solution  in  a  retoH 
etslain  decree  of  concentration  the  «dt  is  deposited  in  fine  al 
aeedleB :  the  dear  Uqnid  must  be  decanted  from  them,  i 
mtiat  be  wadsed  with  dilute  alcohol.  This  salt  requires  ^ 
parts  of  cold  water  for  solution,  and  35  of  boiling  water, 
lion  is  slowly  decomposed  by  ebullition.  This  salt  has  I 
taste,  and  rapidly  absorbs  carbonic  acid  from  the  air. 

There  are  two  mraies  of  $oda,  both  of  whic 
drooa;  they  are  each  somewhat  less  soluble  than 
i^tonding  potash  salts.  The  acid  urate  of  ammonia 
CjoHjK^O^)  is  the  only  urate  of  ammonia  which  is 
usually  fonns  a  white  amorphous  mass,  which  is  soluble 
parts  of  cold,  and  240  of  boiling  watery  it  is  deposited 
needles  from  a  boiling  aqueous  solution  of  it^  which  oonj 
excess  of  ammonia.  Only  the  acid  urate  of  mapjiema  (Ml 
C,oH,N404,6Aq)  is  known;  but  both  a  neutral  (aCaO,  C^^H^^l 
an  acid  urate  of  litne  (CaO,  IIOj  Ci^H-^NiO^,  2  Aq)  may  be  o 

(1384)  Products  of  the  Decomposition  of  Uric  Add^-i 
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Tvliich  it  is  altered  by  oxkliziug  agents,  and  the  numljer  of  definite 
and  crystuUizable  conipouiuk  to  wlik-h  it  ^ives  rise.  These 
products  were  first  investigated  by  Licbig  and  Wohler  (Licbig's 
AiinaL^  xx\t,  241),  Such  mctamorpliosca  of  animal  products  by 
oxidation  always  present  a  high  physiolugical  interest,  inasmncU 
as  the  great  changes  which  occur  under  the  influence  of  vitality 
are  changes  in  which  oxidation  plays  the  principal  part*  The 
oxidation  of  luic  acid  may  be  eO'ected  in  various  wiiy^,  such  as  by 
means  of  nitric  acid,  by  peroxide  of  lead,  by  ferridcyanidc  of 
potassium  mixed  with  caustic  potash ;  the  prodoots  of  oxidation 
diflVring  according  to  the  nature  of  the  agent  employed. 

The  following  table  exhibits  the  most  important  of  the  deri- 
yativea  of  uric  acid  : — 

Uric  acid 1  HO,  C.JLX.O,  =  Q:,Ji,  N.O, 

Uroianic  acid      ,    ,    ,  2  HO.  t\pH^N^On,  =  C,„Hu,NiO,3 

AlloxAn C^  H^NjOj,,  2  Aq  =  C^  Hj  NtO^.  2  Aq 

Diiduric  acid  ....  HO.  C,  H^NjO,  —  C*,  H,  N.O^ 

Lu^      ,'  Jt^ftll^NjO-,  1^  C;,H,  N,'Oi.,6Aq 

^^^^'^ |A-,&JA^5AqUrCrH:N;o;!3Aq 

AUoxaaic  acid     ...  2  HO.  C,  H,N,0^  ^  C^  H<  ^aO,^, 

Mykomelinit' ftiud    .     .  110,  C^  HjN/^,,  Aq  =  C^  H^  N^O^.Aq 

Mentixaiic  acid     *     .     .  2  HO,  C^           O^  =r  C^  H,  0,^ 

Leucoturic  atjid  ,    .    •  HO,  C\  HaN.O.  =  a  H,  N-O- 

Bitluan C,  H,N,0,  =  C,  H,  N,0, 

Parabanic  acid    ...  2  HO,  C^        N^O^  =  C^  H,  NjO, 

Oxaluric  acid ....  HO,  C,  H.NjOy  =  C,  H,  N,0, 

Uraiiiil  (dialuramide)   .  H.N.  CJI^N.O^  =^  C,  H^  JS',Oj 

Thiomiric  acid     ...  2  Hi),  C^  HjXjOft,  2  SO3  =  C»  H5  N,0^jS^ 

Murexid ^  C„Hj,Ni^Oia  r' 

Allaiitoin    .....  =  C^  H,  N^  O^ 

Hidautoic  acid    .     .     .  HO,  C^  ngN^O.  :=  C.  H,  N^  O^ 

Allanturie  acid    .     .     .  IlO.  Ci^jH^N^Os  =  CjoH.  N^  O^, 

Lanlanuric  acid  ,     .     .  HU,  L\  H^N^O^j  =  C^  H^  N^  O^. 

Liebig  and  Wohler  have  shown  that  when  uric  acid  is  sub- 
mitted to  the  oxidizing  action  of  dilute  nitric  acid  it  is  converted 
into  urea  and  alloxan : — 

Vrie  Acid,  Alloxftn.  Vnm. 

a  HO,  c7H;(N^oU4  HOh-2  O^fc.HjNA,  2  HO  +  cJlJ^; 

and  if  alloxan  be  boiled  with  an  alkaline  solution^  it  loses  the 
whole  of  its  nitrogen  in  the  form  of  urea,  wbiL^t  niesoxalic  acid  is 
formed  ;— 

AlloiAD,  Upe»,  H<**"iftli'-'  Acid. 

clrT.NA.  2H0  +  2  no  =  c.n^N.Oa  +  2  ho,  c^oJ. 

The  urea  is  in  these  cases  decomposed  partially  or  entirely  by  the 
action  of  the  acid  or  of  the  alkali  uikju  it.  Since  the  whole  of 
the  nitrogen  of  the  uric  £U'id  is  thus  eliminated  in  the  form  of 
urea,  which  may  be  regarded  as  cyanate  of  ammonia^  it   may  be 


nuKsrosMATioNa  or  rnic  ACt». 


of  it  bring  in  tli«4ii^ 


thai  tba  nitrogett  in  conUitued   bath  in 
in  two  kamm,  one    half 
d€fit«liTr  of  crmxMOgmf  the  other  hnlf  ici  that  of  & 
The  roMinder  of  tlie  c^arboa  and  other  < 
€f  ttrie  aod  eowtitute  mesoxalic  acid.      Liebig  ioi^ 
the  eMrtctire  of  a  radicle  iti  uric  add,  mUch  tkcf i 
•ftrf  tQN,0^  =  C^04C>g— a   comp 
to  oguKe  ftahydridc^  iu  which  two  equivalent  rf* 
have  been  diaphocd  bf  two  of  e^^anogen.      T}us  com|' 
r,  bai  nol  boon  iacdatetl,  and  the  a^umption  of  iu 
BoeiMiTt  sinee  it  does  not  materially  aid  in  i 
the  cbncei  whMi  tuie  acid  utider^oeia. 

Attoiaii  n  ttsc^r  sashoeptible  of  various  traoaformatioB^i 
gtTe  riae  to  several  interesting  cotn|)outids,  of  whicb  tfaei 
important  are  the  following : — 

jtU^igmmc  AciJ,  which  in  its  normal  state  is  metamenei 
oelolMdiil  fonn  of  alloxan  (i) ;  Dialuric  Acid,  which  mijl 
garded  as  a  hydride  of  alloxan  (2)  ;  AUojcantin,  or  a  ooiap 
alloxan  with  dialuric  acid  (jj).    If  alloxan  be  treated  with  Dtti 
it  yields  FarahanU  Acid  (4)  j  and   tliis  acid,  under  the  iis 
of  bases,  assimilates  the  elenienU  of  water,  and   is  convcrtol  i 
Otfolwrfe  Acid  (5)  ;  whilst  the  solution  of  oxaluric  acid,  if  I 
alto  combines  with  water,  and  breaks  up  iuto  oxalic  acid  sail 
(6),  as  may  l>c  seen  by  the  annexed  equations : — 


k\i*yt%n. 


(0 
(a) 
(3) 
(4) 
(5) 


ABoxaft.  My^MmJ^  kmrnoD,  IH»Jur»lo  of  Ammc 


CgHjNA  +  H.NS.HS  =  H4NO,C8HaX,0,  +  Sr 

ADoxwi.  IHBlttrto  Acid.  iHniirfi 


AUoxui. 


mbiitue  Acid. 


C\ll,N,Os  +  O,  =  a  HO,  CjN.O^  +  3  CO,. 

PArithttnio  Add.  Ox&]urmt«  ctf^i 


2  HO.  C,N,0,    +  H,N  +  3  HO  =  H^NO,  C,H,N^| 

OxKturjc  Aeid. 


Ox&lic  Add* 


(6)    HO,  C,H,NjO,  +  2  HO  =  3  HO,  C^O, 


(1385)  AUoxan  (CHjNjOg  +  sand  8  Aq),  is  beat  obtaint 
*(1duig  t«  nitric  acid  (of  sp.  gr.  1*42)  pure  uric  aoid  in  sninJl 
tioiis  at  a  time,  wmtiurr  till  the  cflervcscencc  produoed 
■liditiou  of  vitch  separate  quautity  )  '«»'»  and  taking 
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moderate  the  heat  generated  hy  the  reaction^  by  immersing  tlie  vcis&ei 
ill  cold  water  if  uecessary.  The  temperature  must  not  be  allowed  to 
rise  much  atove  120°.  During  this  operation,  carbonic  aeid  and 
nitrogen  escape  abundantly.  Uric  acid  must  be  added  until  crj^s- 
tals  begin  to  be  formed  ;  the  liquid  must  then  lie  allowed  to  cool, 
when  an  abundant  deposit  of  octohcdral  crystals  of  alloxan  will 
occur.  The^e  crystals  must  be  drained  in  a  funnel  partially  ob- 
structed with  asljestus,  washed  with  ice-cold  water^  aiid  dried  on 
a  tile.  In  this  form  alloxan  was  regarded  as  anhydrous  by  Lie- 
big  and  AVcihler,  but  later  researches  appear  to  show  that  it  must 
be  regarded  bs  containing  two  etjuivalents  of  water,  since  Gmclin 
finds  that  if  it  be  heated  to  from  300^  to  320°  it  loses  11*3  per 
cent-  or  two  equivalents  of  water.  If  these  octohcdral  crystals  be 
redissolved  in  water  at  1 20°  they  yield  on  evaporation  transparent 
prisms  containing  eight  equivalents  of  water.  The  changes  which 
attend  the  formation  of  alloxan  from  uric  acid  by  the  action  of 
nitric  acid,  may  be  thus  represented  in  two  consecutive  stages, 
though  the  decompositions  appear  to  occur  simultaneously  :— * 

Uric  Aeid.  AlloiMi.  Ufe«» 

(t)  3H0,C,^,HjNA  +  HO  +  HO.NO.  =  C^^f^^  +  cJ^H^^,  4-  l^Oy 

But,  since  urea  and  nitrous  acid  immediately  decompose  each  other, 
nitrogen  and  carbonic  acid  are  disengaged  with  effervescence,  whilst 
water  and  ammonia  arc  found  iu  the  liquid  with  the  alloxan  : — 

Ure». 
(3)     C^H^NPs  +  NO,  :=  a  CO,  +  H.N   +  N,  +  HO. 

Alloxan  may  also  be  prepared  by  mixing  fom*  parts  of  uric 
acid  with  eight  of  commercial  hydrochloric  acid,  and  gradually 
adding  one  part  of  powdered  chlomte  of  potash.  Under  these  cir- 
cumstances uo  effervescence  occurs,  and  the  whole  of  the  urea  is 
found  in  solution.  The  temperature  must  be  carefully  prevented 
from  rising  too  high* 

Alloxan  is  freely  soluble  in  water;  it  stains  the  skin  pink, 
and  gives  it  a  sickly  odour,  and,  though  not  possessed  of  aeid 
properties,  it  reddens  litmus  paper.  Although  it  is  a  stable  and 
definite  substance,  when  once  formed,  yet  it  is  readily  transformed 
into  otiier  products.  When  alloxan  is  boiled  with  peroxide  of 
lead  it  yields  urea  and  carbonic  acid,  the  peroxide  of  lead  being 
converted  into  protoxide  ; — 

CJIyN^Oa,  2  HO  +  4Pb02  =  C^^H^NA  f  6  CO^  +  4  PbO, 

A  characteristic  property  of  alloxan  is  the  formation  of  an 
intensely   violet    purple-colourcd    liquid  on  admixture  with  sola- 


dLmki^^ 


villi  liafytmimBer,«loiHr»sfci 


Tin 


wis& 


mill  lof 


Cron  irbefc4. 


If  «illciifitiic  acM  be  ncalraliwd   bgr   ■■■ m  it  gji» 

iilhtiM.  Mrnilvfirii  white  predpitote^wfcicfc^iy 

yi'liuw,  ihmI  »»  iift^Twtnta  reduced  willi  cJfctvc . 

(|ijH7)  MfitomaHr.  Add  {%  HO,  C»Oj. — ^Whca 
tmryffi  iw  diitijirf  u?(l  tii  pmlaiig€d  boUxng  it 

llfxtrfircicl,  hihI   h   yillrJwiHh   prectpiUte   is  

iiilnLiirfi  of  rnrlKiiuiU?  of  tmryta  and  a  sparin^j  aohibfe 
III    Imr;^ii4,    tlir    riirltniiriiff    of    Imrjta    beiu^     (he    ra«k 
•4MXili(lfiry    tliMmrii]Kif>itJoii   of  the 


•  Alloiftni'^  wjid  iji  nri  imttablc  r-orapound.     If  ii«  aqiieiHw  ,-,— 

'!    '  ' •^vm\  iiriuitUMi;  mid  if  the  aolution  be  rapidlj  reduced  teli 

i|>.  in  id  \\wn  dilntrd  with  water,  it  in  only  pA^timllT^ 
H— "  \n  iMiriJi'd  by  Si'blk']ier  {h\eh\^*BA9iM4xi^^  \r\^  f)  t,- 
\ ;  llu*  noliiiion  t'lfnlAiTif  a  white  deliquescent  bodjt  I-3, 
Nitru^   ncid    n-nonvLirta    the    latter   into  alkocaATL 
I  Willi  rv«>Ui(iMn  of  iimuumia  and  formation  ofoohtiA^ 
■n%}  liudirii  IVoiij  uUox*iiiic  acid  maj  be  tbua 
L<*(Mi.hjrla  Add.  DiUiuMu 

l\i  no,  U|U,N.O^)  =  HO,  t,U,N,O^.H.N367+  4  CO,  + 


ACID, PAR  All  AN  IC    ACID, 


shows  the  process  of  the  transformation  of  alloxanic  into  mesoxalic 
acid  : — 


AUoi«A»t«ofB«7ts«  MetoulAte  of  Bwjt*.  UnM. 


2  BaO,  CaHaNjOg  +  2  HO  =  2  BaO,  Cfi^  +  Cj.H,NaO, 

Mesoxalic  acid  may  be  procured  in  a  free  state  by  the  addition 
of  sulphuric  acid  to  tlie  baryta  salt,  the  solution  when  evaporated 
yields  erystals,  which  are  very  soluble  in  water ;  it  is  powerfully 
acid,  and  has  a  very  sour  taste.  The  most  characteristic  reaction 
of  mesoxalic  acid  is  the  formation  of  a  yellow  precipitate  of  mes- 
oxalate  of  silver,  when  a  solution  of  mcsoxalate  of  ammonia  is 
mixed  with  one  of  nitrate  of  silver :  this  precipitate  when  heated 
is  decomposed  with  a  brisk  efteiTescenee,  owing  to  the  escape  of 
carbonic  acid  and  carbonic  oxide^  whilst  metallic  silver  is  left ; 
2  AgO^  C^jOg  =  z  Ag  +  4  CO3+  2  CO.  When  to  a  boiling  solution 
of  alloxan  a  b<;iling  solution  of  acetate  of  lead  is  added,  a  yellow, 
heavy  J  insoluble  precipitate  of  mesoxalatc  of  lead  is  formed,  from 
which  the  acid  may  be  obtained  by  decomposing  the  precipitate  by 
means  of  sidphnretted  hydrogen. 

(1388)  Parubanic  Add  (2  HO,  C^NjOJ  is  formed  by  concen- 
trating the  acid  mother  liquor  of  alloxan,  till  on  cooliug  it  forms 
a  soft  crystalline  mass  ;  QH.N.Oh  +  NO5  =  2  HO,  C^N.O^  + 
2  CO2  +  NOj.  This  is  to  be  dried  on  a  tile,  redissolved  in  water, 
and  reerystalliscd,  when  it  forms  thin^  colourless,  six-sided  prisms : 
it  is  a  powerful  acid,  very  permanent  in  its  uncombiitcd  condi- 
tion,  and  very  soluble  in  water.  At  a  heat  of  2  J  2"  it  acquires  a 
reddish  tint ;  at  a  higher  temperature  it  undergoes  partial  sub- 
limation, but  a  portion  of  it  is  decomposed,  and  furnishes  hydro- 
cyanic acid.  Parabauic  acid  forms  salts  which  are  exceedingly^ 
unstable ;  parabanate  of  silver  being  the  only  salt  wliich  is  per- 
manent. All  the  other  parabanates  during  evaporation  combine 
with  two  equivalents  of  water,  and  become  converted  into  oxalu- 
rates :  parabanate  of  ammonia,  for  instance,  when  boiled  furnishes 
brilliant  crystals  of  oxalurate  of  ammonia  \ — 

Par*b»tiAt«  ttf  AiDinoiQ]«.  Ox«1iirB,te  of  AmMo&Is. 

HO,  H^NO,  C^NgO^    +    2  HO  =  h7nO,  CJI3NA. 

(1389)  Oa:^aluric  Acid  [MO^C^W^J^^j). — This  acid  is  inter- 
esting from  the  circumatauce  of  its  being  occasionally  met  with  in 

j  urinary  sediments,  farming  tlie  dumb-bell  crj^stais  that  were  at 
I  lirst  mistaken  for  oxalate  of  lime.  Oxalurate  of  ammonia  may  be 
I         employed  in  preparing  the  acid ;  a  hot  saturated  solution  when 


: 
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water,  ivben  added  to  its  solution,  gives  a  characteristic  violet  pre* 
ci|)itate,  which  hecoines  white  if  boiled  io  the  Iif|nid,  A  solution  of 
alloxantin  reduces  the  salts  of  silver,  and  is  converted  into  alloxan  ; 
thus  aftbrding  an  instance  of  the  facility  with  which  oxidising 
agents  reconvert  it  into  alloxan.  If  a  boiling  solntion  of  alloxantin 
be  mixed  with  a  solution  of  muriate  of  aramonia,  also  at  a  boiling 
temperaturCj  and  the  mixture  be  allowed  to  cool  in  a  well-corkcd 
vessel,  crystals  of  uramil  (dialuramide)  are  deposited,  whUst  the 
liquid  retains  alloxan  and  free  hydrochloric  acid  in  sohition : — 

AUozafitta.  UrustO. 


CieH,N,Oi,  +  H,N,C1  =  CgH^NgO,  +  HCl  +  C^II^Np,, 

When  alloxan  is  boiled  with  hydrochloric  aeid  it  is  gradually  decora^ 
posed,  alloxan  and  parahanic  acid  are  formed,  accompanied  by  two ' 
compounds,  termed  by  Schliei>er  aUUuric  acid  {QH^N^O^)  and  dili- 
tunc  acid.      The  last  named  acid  has  not  been  analysed  in  its 
nncorabined  form. 

{1391)  Diaiunc  Acid  (11 0,  CgFIaNjOj),— If  a  stream  of  snlphu- 
retted  hydrogen  be  transmitted  in  excess  through  a  hot  solution 
of  alloxan  or  of  alloxantin,  sulphur  is  deposited,  and  the  liquid  be- 
comes Btrongly  acid,  owing  to  the  fumiation  of  dialuric  avid.  If  this 
acid  liquid  be  neutralized  with  ammonia,  dialurate  of  ammonia  is 
dej>osited  in  silky  needles  (H^NO,  CyH^N^jOj.).  The  same  salt  may 
lj€  obtained  by  reducing  alloxan  by  means  of  zinc  and  liydrochloric 
acid,  and  adding  a  sufficient  excess  of  ammonia  to  redissolve  the 
oxide  of  zinc,  which  is  at  first  precipitated  by  the  ammonia.  If 
dialurate  of  ammonia  be  added  to  hot  hydrochloric  acid,  so 
long  as  it  is  dissolved,  and  the  liquid  be  allowed  to  cool,  long 
needles  of  dialuric  acid  are  deposited.  They  bccorae  red  by 
exposure  to  tbe  air,  and  arc  gradually  converted  iuto  alloxantin. 
Dialuric  acid  forms  a  sparingly  soluble  aalt  with  puiush.  It  may 
be  obtained  by  adding  a  solution  of  cyanide  of  potassium  to  one 
of  alloxan.  The  brown  yellow  precipitate  thus  obtained  must  be 
dissolved  in  a  weak  potash  ley,  and  neutralized  by  acetic  acid, 
wdien  it  falls  as  a  white  precipitate,  Tbe  dialurate  of  ammonia  is 
white  at  the  moment  of  its  formation,  but  as  it  dries  it  becomes 
of  a  splendid  pink  or  blood-red  colour.  This  salt  is  freely  soluble 
in  boiling  water  It  occasions?  a  white  precipitate  with  the  salts 
of  baryta,  and  a  yellow  one  with  salts  of  lead.  Nitrate  of  silver  is 
reduced  by  it  to  the  metallic  state. 

(1392)  Uramil,  or  Dixiluramide  {Cgll^^O^^W^,  CiH^N^O^,). 


— lUt  ocwppoMd  wmy  be  obtatzied  by  decfioipcttiii^  i 

RHmraiii  by  boiltiig  ii  for  m  few  nujiutes  yrilh  an  ind^ 
y  tim  be  prooired  br  mixmg  boUiog  solations  rf  i 
ittri&leariaiiiioiita,  fineed  from  air  ( 1390).      Urimilc 
uiifini  groope  of  brilEaut  hard  needles,  which  are  i 
«l«^,  aiid  ppvifigtj  soluble  even   in  Ixiiling  *ate. 
to    sn    sfxnoqiliere    cxiotajutng    tmcm   of 
m  rose  tial.     Urmmil  is  freely  «kolubIc  ia  dihttJ 
li  tiHiaify  tcmpeimtares^  and    is  deposittd  fa«l 
m  adding  an  wad.      But    if  its  solutioii  m  1 
be  hoiUl,  it   gnduillj  aoquira   a   rich    purple  cotoitf,  di 
of  mmremd  i — 
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■  lo^ie 


If  vnunil  be  boiled  for  Bome  time  with  oxide  of  mam; 
nlrtt  a  limihr  ebange  occurs ;  the  metallie  oxide  is  redunti 
tke  hifoii  he  filtered  while  hot,  beautiful  crystals  oT  pint  m 
watt  dcfiosited.     An  exoeas  of  the  metallic  oxide  must  he  m 
aroidcd,  otherwise  the  purple  colour  disappears,  and  alloi^ 
•  in  the  liquid.      A  solution  of  uramil  hf$ 
when  heated  -  at  ordinary  teniperattir^  il  4 
dxycen  from  the  air,  acquiring  a*  fine  purpk  crfoB, 
Df  cxTslak  of  purporate  of  potash  ;    the  liquid  I 
mmlialt  and  eootaim  alloxanate  and  mesoxalate  of  poiasL 

(139J)  TkUmmrk  Acid  (2UO,  C,H3N,0^  aSOJ.^tt 
wqmam  eolwlioa  of  alloxan  be  added  to  a  ©olution  of  Bd^ 
anuiioiiia  coDtauiing  a  considerable  quantity  of  free  amini?^ 
die  wbtnre  he  boded  for  a  few  minutes,  the  ammonia  and 
pbnriRU  add  unite  with  the  elements  of  alloxan.  Aa  the 
eools,  a  beautiful  salt^  termed  thionuraie  of  ammonia,  is  depouli 


^m 


By  adding  a  sedation  of  acetate  of  lead  to  the  solution  of  thk 
an  inaoluhle  gelatinous  thioniu^te  of  lead  is  procured  whic 
itadiding  becomea  couTerted  into  concentric  groups  of  del 
wedks.  This  precipitate,  on  being  decomposed  by  suljihi 
^  givra  pure  thiouuric  acid,  vhich  may  be  ohtai 


MUREXID^   OR    PURPUnATE    OF    AMMONIA. 


evaporation  at  a  geutle  heat,  crystallized  in  slender  needles.  Ita 
aqiieons  solution  may  be  preserved  unclianged  at  ordinary  tempe- 
ratures, but  it  undergoes  dceom position  when  boiled  ;  snlpluiric  aeid 
beiDg  formed,  whilst  silky  erystals  of  nramil  are  deposited.  The 
thionnrate  of  ammonia  gives  a  pale  yellowish  brown  precipitate 
with  salt5  of  copper.  It  gives  no  precipitate  in  acid  solutions 
with  salts  of  baryta^  but  a  white  one  in  neutral  solutions :  when 
mixed  with  nitrate  of  silver  the  metal  is  gradually  reduced,  and 
forms  a  mirror-like  coating  on  the  sides  of  the  vessel, 

(1394)  Murexld^  or  Purpurate  of  Ammonia  (C^JIuNiqOi,!  ?) — 
Tliere  are  various  modes  of  forming  this  beautiful  compound. 
The  decomposition  of  uramil  by  ammonia  under  tlie  intluenee  of 
oxygen,  and  by  the  action  of  oxide  of  mercury^  have  been  already 
mentioned  (1392),  Another  advantageous  method  of  preparingl 
mnrcxid  consists  in  adding  alloxan  to  an  ammoniaeal  solution  of 
uramih  If  the  formula  given  for  murexid  be  correct,  this  reaction 
must  be  attended  with  the  absorption  of  oxygen  : — 

3  (C,H,NA)  +  5  H.^  +  2  0  +  3(C,H,N,0,)'^  i  (a,Hj,Nj„0  J  +  "  ^O. 

Murexid  may  also  be  obtained  by  adding  a  solution  of  carljonate 
of  ammonia,  drop  by  drop,  to  a  boiling  solution  of  alloxan,  until  the 
liquid  has  a  slight  ammoniaeal  odour;  the  solution  then  acquires 
a  l>cautiful  purple  tint,  becomes  tiurbid,  and  on  cooling  deposits 
crystals  of  murexid.  Murexid  may  also  be  prepared  on  a  small 
scale  by  dissolving  4  grains  of  alloxantin  and  7  of  hydrated 
alloxan,  in  half  an  ounce  of  boiling  water,  and  mixing  the  solu- 
tion whilst  hot  with  80  grains  of  a  cold  saturated  solution  of  car- 
bonate of  ammonia;  brisk  effervescence  ensue«,  and  a  splendid 
purple  liquid  is  produccfl,  which  on  cooling  deposits  magnificent 
green  crystals  of  murexid,  with  a  golden  lustre.  These  crj^stals, 
when  heated  to  2 1 2®,  lose  water  to  the  extent  of  3  or  4  per  cent. 
Its  brilliant  colour  is  speedily  destroyed  by  sulplmrcttcd  hydrogen^ 
as  well  as  by  free  ammonia.  Murexid  is  but  sparingly  soluble  in 
cold  water,  to  which,  however,  it  communicates  ita  intense  purple 
colour;  hot  water  takes  it  up  more  freely* 

When  the  solution  of  murexid  is  mixed  with  salts  of  lead,  of 
baryta,  and  of  silver,  it  yields  pm'ple  precipitates.  Dilute  acids 
decompose  tlie  crystals  of  mnrexid,  and  cause  the  separation  of  scales 
of  a  sparingly  soluble  yellowish  substance,  termed  miirt^t'itn,  w'hich, 
in  all  probabitity,  is  an  impure  form  of  uramil ;  the  solution  con- 
tains a  mixture  of  alloxan  and  alloxantin, 

Murexid  is  a  body  resembling  an  amide  in  composition.     The 
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exact  composition  of  this  oompound  is  not  accurately  established ^ 
but  the  forimiU   above  given  agrees  with  the  analyses  of  Liehig 

and  AVuhler.  Fntschc,  from  his  cxpcrimentSj  represents  ita  conipo- 
Bition  by  the  BOTuewliat  ini probable  formula  (CigHgN^Oji),  wliich 
does  not  explain  the  mode  of  the  foimation  of  raui-exid. 

Test  far  Uric  Acid, — Advantage  is  taken  of  the  formation  o^ 
murexid^  in  order  to  detect  very  minute  quantities  of  uric  acid  by  ^ 
the  action  of  nitric  acid.      In  applying  this  testj  the  substance ^| 
supposed  to  contain  uric  acid  is  heated  on  a  slip  of  glass  with  a  ^1 
drop  of  nitric  acid^  and  evaporated  cautiously  to  dry u ess.      If  unc 
acid  be  present,  the  residue  has  a  red  colour^  wliich  is  con  veiled  by 
exposure  to  the  vapour  of  ammonia  into  a  ^ne  erimson^  and  the  addi- 
tion of  a  drop  of  a  solution  of  potash  developes  a  splcodkl  puqile 
colour,  which  disappears  on  the  appUcation  of  heat,  with  extrica* 
tioa  of  ammonia, 

(1395)  Allantoin  (CJl^N.Oa  or  CgHoN40tt),"-Thi8  is  a  body 
which  occurs  in  the  allautoic  fluid  of  the  cow,  or  in  the  urine  of] 
the  foetal  calf,  but  it  may  also  be  procured  by  the  oxidation  of 
uric  acid*  For  this  pui*pose,  i  jmrt  of  imc  acid  must  be  sus- 
pended in  20  parts  of  water^  and  raised  to  the  boiling  poiut ;  finely 
levigated  peroxide  of  lead  is  then  to  be  added  in  small  quantities 
at  a  time  to  the  lx>iling  liquid,  until  the  oxide  ceases  to  change 
colour.  The  i>eroxide  of  lead  is  reduced  to  the  state  of  protoxide, 
and  a  brisk  efilervcscence  occurs,  owing  to  the  escape  of  carbonic 
acid,  whilst  oxalic  acid  is  precipitated  in  combinalitm  with  prot- 
oxide of  lead;  the  supernatant  liquid  is  colourless,  and  on 
filtering  it  and  allowing  it  to  cool,  hard  brilliant  prismatic  crystals 
of  allantoin  are  deposited.  Upon  further  concentration  of  the 
fiolution,  fresh  crystals  of  allantoin  are  obtained,  and  when  the 
mother  liquid  has  been  evaporated  until  it  acquires  a  syrupy  con- 
sistence, crystals  of  urea  are  deposited.  The  reaction  which  attends 
the  formation  of  allantoin  is  not  well  understood,  and  the  equations 
hitherto  given  do  not  satisfactorily  account  for  all  the  products. 
Liebig  and  Wohlcr  consider  the  reaction  to  be  as  follows  (doubling 
the  proportions  given  by  these  chemists  to  allow  of  doubling  the 
equivalent  of  allantoin)  :^ 


4 


tJrio  Acid. 


2  (2  HO.C,.H,NA)    + 


6H0    = 


0i&Ut«ofL4Hid« 


2  (  jPbO.C.O.) 


The  carbonic  ncul  arises  prohaUy  from   the  oxidizing  action 
the  peroxide  of  lead  upou  the  oxalate  at  the  moment  of  'ii&  fortua- 
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tion.  Pelouze  lias  however  shown  that  the  decomposition  is  in 
reiility  more  complicated  than  it  appears  to  be  iVom  the  foregoing 
equation. 

Allantoin  is  a  neutral,  tasteless  substance,  sparingly  soluble 
in  cold  water,  but  freely  soluble  in  boiling  water.  It  shows  but 
small  tendency  to  combine  with  other  t>odies  ;  but  a  compound 
of  allantoin  with  oxide  of  silver  may  be  obtained  by  mixing  a 
boiling  solution  of  allantoin  with  one  of  nitrate  of  silverj  and 
adding  ammonia  drop  by  drop ;  a  white  precipitate  (CyH^^AgN^O^) 
is  thus  oecasioned.  It  is  probable,  therefore,  tliat  the  usually 
received  equivalent  of  allautoin  should  be  doubled.  When  allan- 
toin is  boiled  with  solutions  of  the  alkalies,  it  undergoes  decom- 
position, ammonia  being  evolved  whilst  oxalic  acid  is  formed  :■ — 


AJlantoin. 


OxAlate  of  Potftah. 


CalIcNA+2  HO  +  4  (KO,  H0)=4  H3N+2  (2  KO,  CA)- 

Allantoin  is  readily  decomposed  by  simple  elevation  of  tempe- 
rature :  when  its  aqueous  solution  is  heated  in  a  closed  tube  to 
about  iHo^  F.  it  i»  resolved  into  a  new  acid,  allanturic  acid  (HO, 
C\,>H^N.40g;  Pelouze),  and  into  carbonate  of  ammonia;  both  these 
substances  being  produced  from  the  elements  of  allantoin  by  the 
assimilation  of  the  elements  of  water  :— 


AM^btoiu. 


^Jlaattiric  AeiiL 


CArboiut^  of  AmmaDia. 


3  (CeH,N A)  + 1 2  HO  =  2 (HO,  CioH^N A)  +4 (H4NO,  CO,). 

Allantoin  also  assimUates  water  and  is  transformed  into  allan- 
turie  acid  by  heating  it  gently  with  nitric  acid,  or  with  hydrocldo- 
ric  acid,  and  urea  is  at  the  same  time  formed  : — 

AUjtnloiD.  AUiiiit uric  Acid.  Uri»ft. 


3  (C,H,N,Oe)+4  110  =  2  (IIO,  C.^H^N^O,) -i- 2  (C,H,N,0,). 

Pelouze  considers  that  the  urea  found  in  tlie  mother  liquors, 
obtained  during  the  preparation  of  allantoin  fi*om  uric  acid  by 
means  of  peroxide  of  lead,  is  due  to  this  secondary  action  ;  thisj 
however,  is  very  doubtfuL 

AUauturic  acid  is  a  white  deliquescent  substance,  which  gives 
white  precipitates  with  nitrate  of  silver  and  with  the  acetates  of 
lead  ;  these  precipitates  are  soluble  in  an  excess  of  these  salts,  as 
well  as  in  free  a  11  ant  uric  acid. 

When  allantoin  is  digested  for  some  days  with  a  concentrated 
solution   of  potashj  then  mixed  with  acetic  acid   in  excess^  and 
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treated  with  a  solution  of  acetate  of  lead,  an  iiisoluljle  lead  mli 
of  a  new  acid,  tenned  hhitmtoic  acid  (HOj  Cj^IlyN^O^?  Schlieper)j 
is  formed.      The  normal  aeid  contains  the  elements  of  two  eqiiiva 
lents  of  allantoin  witli  three  additiuiml  equivalents  of  water*      It 
anhydride  is  polymeric  with  ox  amide. 

Lantamtnc  Acid  {HO,  CtsHiN^O^j?)  is  the  name  given  bj 
Schlieper  to  a  result  obtained  hy  adding  the  powdered  uric  acid 
to  a  solution  of  ferridcyanide  of  potassium  ainl  hydrate  of  potasb 
at  ordinary  temperatures.  Under  these  cireumstances  the  re 
prussiate  is  rapidly  converted  into  the  yellow  prnssiatc  of  potafeh^ 
whilst  oxygen  is  liherated,  \v!iich,  in  its  nascent  conditiou^  attacks 
the  uric  acid;  K3,  Fe/^yu  +  ^^  =  ^  (K^,  FcCya)  -f-  O,  Allaiitoiu  J 
and  em*honic  acid  are  lirst  produced, —  ^H 

Uric  Actd.  ADantoiiL,  ^^| 

2  IIO,  C„H,N.,o'4  +  O.  +  2  HO  =  C.MeKide  +  2  CO.,      " 

and  the  iiHantoin  combining  with  an  additional  quantity  of  water j 
is  resolv  ed  into  lantanuric  acid  and  ui^ea : — 

C^I^ol  +  3  HO  =  HO,  C,H,N,0,  +  C.H^NaO,. 

It  is  possible  that  lantanuric  acid  may  be  identical  with  the 
allanturic  acid  of  Pelonze  r  it  is  a  deliquescent  substance,  which 
forms  a  white  insoluble  salt  with  oxide  of  lead,  and  its  pix>pertics 
agree  vei"y   closely  with    those   ascribed   by  Pelouzc  to  allanturic 

acid,  respecting  the    analysis  of  which  no  details  have  hitherto . 

been  published*  ^H 

(1396)  A  few  other  substances  will  now  be  noticed  which  ex-^ 
hibit  some  relation,  either  in  their  composition  or  their  origin,  to 
uric  acid  ;  viz.  :— 

Xanthic  oxide C,oH4N404 

Hypoxanthin     .,,,.,*  CioHiN^Oj 

Ouaniue CjoH^NgOj 

Cystiii CflHeNO.S,. 

Xanthic  or  Uric  Omde  {^n^l^iO^  was  discovered  by  Dr. 
Marcet  as  the  principal  constituent  of  a  very  rare  variety  of  urinary 
calculus.  Gohe!  iias  since  found  it  in  some  oriental  bezoars  ex* 
tracted  from  the  intestines  of  certain  ruminating  animals.  The 
concretions  which  contain  xantlne  oxide  arc  of  a  pale  brown  colour  ; 
they  have  a  polished  surface,  and  a  lamellar  fracture.  These  calculi 
are  readily  soluble  in  a  solution  of  potash  ;  <ind  on  neutralizing  the 
alkaline  solution  with  an  acid,  xanthic  oxide  is  precipitated  in  the 
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of  a  wliile  powder,  wbieli  is  msoltilile  in  waterj  alcohol,  and 
It  acquires  a  waxy  lut^trc  on  IVietion  with  a  bard  body. 
Hydrocbloric  aeid  doca  not  dissolve  it,  but  it  is  soluble  in  nitric 
acid  without  effervescence :  the  solution,  when  evaporated,  leaves 
a  leinon-coloured  residue  {lieuce  tlie  name  xanihic,  from  ^avQoq 
yellow).  This  residue  does  not  become  red  by  the  action  of  am- 
monia. When  dlstilledj  xanthic  oxide  yields  liydrocyauie  acid  and 
carbonate  of  ammouiaj  but  no  urea.  It  contains  two  equivalents 
of  oxygen  lesa  than  normal  uric  acid.  Htjpo.rantktn  (CjoH^N^Os.) 
contains  two  equivalents  of  oxy|*cn  less  than  the  preceding  com- 
pound. It  was  found  by  Si?lierer  in  the  liqnid  contained  in  the 
substance  of  the  spleen  both  of  man  and  of  the  cow.  Hypoxanthin 
is  a  white  powder,  which  is  nearly  insoluljle  in  water,  but  soluble 
in  a  clihitc  solution  of  potash  ;  it  is  attacked  by  nitric  acid  with 
evohition  of  gas,  and  leaves  a  crystalline  residue, 

GwftrtiV/e  (CioH^N^O^)  was  obtained  by  linger  from  gnano;  it  is 
also  found  to  constitute  the  principal  portion  of  tlic  excrement  of  the 
garden  spider  {Epeira  diadema).  In  order  to  obtain  it  from  guano, 
this  substance  nnist  be  boiled  with  milk  of  lime  until  the  liquid 
shall  have  acquired  a  yellowish -green  tint  instead  of  a  brown 
colour.  The  liquid  most  then  be  filtered  and  neutralized  with 
hydrocbloric  acid.  The  guanine  is  slowly  deposited,  mixed  with 
nric  acid,  atul  assumes  the  form  of  a  flesh -coloured  precipitate. 
This  precipitate,  when  Ijoiled  with  hydrochloric  acid,  gives  up  the 
guanine,  and  on  cooling,  a  comix>und  of  this  body  with  hydro- 
chloric acid  is  obtained  in  crystals :  the  acid  may  be  removed  by 
digestion  with  ammonia.  Certain  specimens  of  gtiano  were  found 
to  yield  nearly  6  per  cent,  of  this  suhstance.  Guanine  forms  a 
yellow  powder  which  is  insoluble  in  water,  alcohol,  and  ether.  It 
appears  to  possess  the  properties  of  a  feeble  base,  and  is  soluble  in 
hot  dilute  acids,  forming  unstable  compounds  with  tbem»  Guanine 
forms  both  neutral  and  acid  salts,  the  neutral  compound  with  hydro- 
chloric acid  being  [3  (CmllgNgO^,  HCl),  7  Aq],  and  the  acid  salt 
(CjoHgNj^O^,  2  IICl)  ;  both  of  tbcm  lose  the  whole  of  the  acid  on 
being  heated  to  392^  Other  salts  of  guauinc  contain  three  equiva- 
lents of  the  base  and  four  of  acid.  Guanine  forms  a  crystal lizablc 
double  chloride  with  bichloride  of  platinum  (CioH^N^Oa,  HCl, 
2  FtCU,  4  Aq).  Guanine  also  combines  with  the  alkalies,  and  is 
more  soluble  in  alkaline  solutions  than  in  the  acids.  It  is  readily 
oxidised  by  a  mixture  of  chlorate  of  potash  and  hydrochloric  acid, 
yielding  oxalate  of  ammonia  and  a  small  qnautity  of  a  crystalline 
compound  (CnJIgN^O^),  named  pcruTic  acid  by  linger.    This  sub* 
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stance  is  colourless    and  tasteless^   and    crystallizGS    in 
rhombic  prisms. 

Ct/siin,  or  Cifjftic  Oande  (CgHflNO^Sa).— This  snbstancc 
tutes  a  rare  form  of  urinary  calculus.  CalcnJi  composed  of  it 
are  semi-transparent  and  of  a  browaish-j^ellow  colour^  and  crys- 
talline texture.  Cystin  is  insoluble  in  water,  alcohol,  and  ether, 
bnt  it  is  disisohTd  by  the  stronger  acitis,  such  as  the  sulphuric,  nitric^ 
hydrochloric,  and  phosphoric.  It  is  also  freely  soluble  in  alkaline 
solutions,  whether  caustic  or  carbonated,  from  which  it  can  be  pre- 
cipitated by  the  additiou  of  an  acid  such  as  the  acetic.  It  may 
readily  be  obtained  crystallized  in  hexagonal  plates  by  allowing  its 
ammoniacal  solution  to  evaporate  spontaneously.  When  heated 
it  does  not  melt,  bnt  is  dceomposed,  emitting  a  peculiar  feetid 
odour.     Cy still  contains  ^S'S  1^^^  cent,  of  sulphur.  ^| 

Kymtrenic  Acid  is  the  name  given  by  Licbig  to  a  peculiar  aclff 
found  in  the  urine  of  the  dog.  It  forms  very  light,  silky,  colour- 
less, delicate  needles,  which  ai'e  soluble  in  alkaline  solutions, 
nearly  insoluble  in  water,  and  insoluble  in  alcohol  and  ether.  It 
is  soluble  in  hot  dilute  acid  solutions,  and  is  deposited  from  them 
on  cooling.  It  combines  with  the  alkalies,  forming  soluble  crys- 
talline salts.  Kynurenic  acid  does  not  appear  to  contain  nitrogen. 
Its  composition  has  not  been  ascertained.  When  heated  in  a  small 
tube  it  yields  a  crystalline  sublimate,  and  leaves  scarcely  a  trace  of 
any  carbonaceous  residue. 


CHAPTER  XI. 


ALBUMINOID    AND    GELATIGENOtJS    PRINCIPLES. 

(1397)  The  greater  number  of  the  compounds  of  organic  chemis- 
try Avhich  have  hitherto  occupied  our  attention,  arc  destitute  of 
organic  structure;  tliey  contain  in  each  of  their  constituent  or 
equivalent  molecules  only  a  moderate  number  of  elementary  atoms^ 
in  which  respect  they  differ  from  the  compounds  which  remain 
to  be  described,  since  these  are  of  a  much  more  complex  character. 
These  bodies  enter  into  the  formation  of  the  organized  textures,  and 
are  destitute  of  crj'stalliue  character.  The  most  important  of  these 
substances,  viz.,  fibrin  and  albumen,  occur  both  in  plants  and  in  ani- 
mals. The  proportion  of  these  compounds  in  the  solid  and  liquid  com- 
ponents of  the  organs  of  plants  is  but  small,  bnt  they  are  never  en- 
tirely wanting  in  some  portion  or  other  of  their  organism.    They 
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iiost  alj  tin  flan  t  in  tlie  seed.  These  snlistaiiccs  abound ,  liowever, 
in  the  ariiuial  tissues,  and  coiistitnte  their  raost  remarkable  and 
djBtinctive  ingredients.  Owing  to  the  complexity  of  their  compo- 
sition no  satisfactory  rational  formula  can  at  present  be  assigned 
to  any  of  these  azotised  bodies  ;  and^  owing  to  their  indisposition 
to  crystallize,  great  difficulty  is  experienced  in  obtaining  them  in  a 
state  of  purity,  and  of  ascertaining  when  they  are  really  free  from 
foreign  admixture.  All  of  them  contain  sulphur  amongst  their 
components,  though  the  proportion  of  thia  element  never  exceeds 
2  per  cent. 

These  azotised  compounds  may  be  subdivided  into  two  groups: 
of  these  the  more  important  is  termed  the  proteic  or  the  albuminoid 
group,  owing  to  the  general  resemblance  of  its  members  to  albu- 
men or  white  of  cg^  ;  it  comprises  albumen^  fibrin,  casein,  and  legu- 
min,  in  which  the  proportion  of  carbon  to  nitrogen  is  that  of 
eight  equivalents  of  the  former  to  one  of  the  latter.  The  second 
group  is  the  gelatlgenmis  :  it  comprises  gelatin^  chondriuj  and 
ossein. 

(i  398)  Products  of  the  Oxidation  of  t/ie  Proteic  and  Gelaiif/enoits 
Groups. — When  these  azotised  substances  are  submitted  to  the 
gradual  action  of  oxidizing  ^ents,  they  furnish  a  great  variety  of 
products,  which,  however,  belong  to  the  three  principal  groups ; 
viz.,  to  the  acetic,  the  benzoic,  and  the  cyanic  series.  Amongst 
the  volatile  products  furnished  by  treating  albuminoid  substances 
with  a  mixture  of  bichromate  of  potash  and  sulphuric  acid,  or 
with  a  mixture  of  peroxide  of  manganese  and  8ul|ihunc  acid, 
Guckelberger  (Liebig's  AmmL^  Ixiv.  39)  obtained  the  following 
products,  besides  others  which  liave  not  been  specially  identitied  : — 


Formic  acid 
Acetic  acid 
Propionic  acid 
Butyric  acid 
Valeric  acid 
Caproic  acid. 


Acetic  aid  eh  yd 
Propionic  aldchyd 
Butyric  aldehyd. 


Benzoic  acid 
Hydride  of  benzoyl 


Hydrocyanic  acid 
Valero  nit  rile. 


The  volatile  products  of  oxidation  arc  the  only  ones  which  have 
as  yet  been  fully  examined.  The  most  abundant  of  these  products 
are  the  series  of  volatile  acids :  next  to  these  the  products  of  the 
benzoic  scries  occur  in  the  largest  quantity,  whilst  the  hydro- 
cyanic is  obtained  in  the  smallest  quantity.  The  proiK>rtion  in 
which  these  substances  are  formed  varies  according  as  casein,  fibrin, 
albumen,  or  gelatin  has  been  the   body  submitted  to  oxidatiou* 
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Geliitin  yieltk  the  largest  quantity  of  formic,  acetic,  and  valeric  acid 
(SchliepcT,  Lieliig's  AnnaL^  lix.  i).  Fibrin  gives  the  largest  pr 
portion  of  butynt^  acid,  and  casein  yieldsi  tlie  conijKJtinds  of  berusoyl 
ill  greatt'st  abinidaucc.  There  can  be  no  doubt  that  these  bodic 
originate  in  mure  complex  organic  prodncts,  which  are  the  first 
results  of  the  breaking  up  of  these  complicated  azotised  substances. 
Thus  leucine  and  tyrosine  are  amongst  the  products  obtained  in  an 
early  stage  of  the  reaction,  and  they  break  up  into  valeric  acid|^H 
ammonia,  and  probably  other  compounds.  'Wlien  the  proteic  an4 
gelatigenous  substances  are  fused  with  hydrate  of  potash  they  yield 
leucine  and  tyrosine^  together  with  variable  quantities  of  acetate, 
valerate,  and  other  salts  of  potiislij  which  belong  to  the  series  O^H 
fatty  acids.  ^^ 

(1399)  Formation  of  Urea  from  Albuminoid  bodits. — According 
to  Eechamp  {Ann.  de  Chimie,  IIL  xlviii*  352),  urea  may   be  ob- 
tained in  the  following   manner   by  the   oxidation   of  albuminoid 
substances : — Ten  parts  of  the   albuminoid  body  (supposed  to  be 
freed    from    moisture)  are   to  be  diffused    through  300  parts  of 
water,  and  75  parts  of  permanganate  of  potash   to  be  gradually 
added.     A   rapid  reduction   of  the   permanganate  commences  at 
ordinary  temperatures ;  by  degrees  the  temperature  mast  be  rais 
to  about  J 10° f  and  very  dilute  sulphuric  acid  must  be  added  cau 
tiously,  so  tliat  the  excess  of  alkali   shall  be  neutralized  as  it 
formed,  taking  care,  however,  that  the  liquid  shall  always  preser 
a  slight  degree  of  alkalinity.     As  soon  as  the  colour  of  the  perma 
ganatc  has  disappeared,  the  liquid  h  to  be  filtered  and  accuratelj 
neutralized  by  the  addition  of  sulphuric  acid.      It  must  then 
evaporated  on  a  water-bath,  and  the   syrupy  residue  thus  obtained 
treated    with     strong    alcohol ;    the    alcoliolic   liquid  is  next   to 
be  decanted  fi'om  the  sulphates  of  potash  and  ammonia,  conccc 
trat^d  till  it  acquires  the  coasisteuee  of  honey,  and  then  treatc 
with  absolute  alcohol,  which  dissolves  tlie  urea.    In  tlie  first  stag 
of  this  oxidation  the  liquid   acquires  a  gelatinous   consistence,  hni 
it  again  speedily  becomes  liquid.      An  azotised  acid,  the  nature  of 
which  has  not  been  ascertained,  is  formed  in   the   earlier   part  of 
the  process  •  neither  acetic  nor  valeric  acid  is  produced,  and  if  th^_ 
operation  be    conducted   with   due  care,  no   gas  is  liberated.      J^ 
portion  of  the  nitrogen  is  found  in  tlie  liquid  in  the  form  of  am- 
monia, as  well  as  in  that  of  urea.      If  the  excess  of  alkali  be  not 
neutralized   as   the  operation   proceeds,  a  higher  temperature   ia 
necessary   to  effect  the  oxidation,  and   but   little  urea  is  forme 
eiJice  it    undergoes    decomposition   at    the    moment  of  its 
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Nation,  Care  must  also  be  taken  to  avoid  the  presence  of  an 
excess  of  the  permanganate,  otherwise  the  whole  of  the  nitrogen 
appears  in  the  form  of  ammonia.  Tlie  fibrin  of  the  blood  appears 
to  fiirnish  urea  more  readily  than  either  albumen  or  gluten. 

§  T*  The  Proteic  ob  Albuminoid  Group* 

(1400)  It  has  been  already  stated  that  the  more  important 
nicmhei'9  of  this  group  are  albumen,  fibrin,  casein,  and  leguniin, 
but  it  comprises  several  modifications  of  these  bodies  of  minor 
importance,  anch  as  globulin  and  vitellin.  Tlie  different  forms  of 
mucus  alB4>  exhibit  a  close  relationship  to  the  compounds  of  this 
division. 

Albumen  is  the  characteristic  ingredient  of  white  of  egg,  and 
of  the  serous  portiun  of  the  blood.  FibHu  is  the  principal  consti- 
tuent of  muscular  tissue,  and  is  that  component  of  the  blood 
which  occasions  its  spontaiaeous  cOtOgulation ;  casein  is  that  con- 
stituent of  milk  which  is  separated  in  the  form  of  curd  on 
the  addition  of  an  acid ;  it  is  the  essential  component  of  cheese. 
Legnmm  is  abundant  in  the  seeds  of  the  legnminons  plants, 
such  as  peas,  l>eansj  and  lentils.  Liebig  regards  iegumin  as 
identical  with  casein  ;  but  many  other  cliemists  consider  that  it  has 
hitherto  been  founilonly  in  tlie  vegetable  kingdom,  and  casein  only 
in  tlie  animal :  albumen  and  fibrin  are,  however,  generally  admitted 
to  occur  in  both  divisions  of  the  organic  creation.  No  animal 
can  continue  to  subsist  upon  food  in  which  these  azotised  sub- 
stauces  are  entirely  wanting.  This  circumstance  is  exphuned 
by  the  important  obser^^ations  of  Liebig,  who  first  clearly 
insisted  upon  the  fact  that  none  of  these  proteic  principles  arc 
ever  produced  by  the  aiiinial  organism  :  they  ai"e  elaborated  in 
the  growing  plant,  and  are  merely  assimilated  by  the  animal  in 
the  process  of  digestion.  The  proteic  principles  furnish  those 
essential  ingredients  of  the  blood  which  arc  concerned  in  repairing 
the  soft  azotised  portions  of  the  body,  such  as  the  muscular  and 
nervous  tissues,  as  they  become  effete :  hence  the  proteic  principles 
have  been  termed  the  plastic  materials  of  nutrition,  iu  order  to 
distinguish  them  from  other  portions  of  the  food  whieli,  like  starch 
and  fatty  matters,  arc  especially  needed  for  maintaiiiing  the  func- 
tion of  respiration,  and  which  have  been  termed  the  resplralorif 
materials  of  tlie  food.  It  will,  however,  be  necessary  to  consider 
the  compotients  of  food  more  in  detail  {1457}  after  the  properties 
of  the  albuminoid  princi[)les  have  been  discussed. 

The  albuminoid  principles  may  be  preserved  in  a  dry  state 
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for  an  indefitiite  period  without  change,  but  if  exposed  to  the  mr 
while  moist,  they  gradually  putrefy  and  emit  a  sickening  odour. 
According  to  Lehmann^  among  the  products  of  putrefaction  are 
always  to  he  found  carbonate, butyrate^ valerate,  and  hydrosulphate  of 
ammonia,  together  witli  k^ueinc  and  tjTosine,  The  readiness  with 
which  the  albuminoid  bodies  putrefy  and  undei^o  spontaneous 
clxemieal  changes  when  moist  is  one  of  their  most  sti*iking  charac- 
ters. Syuaptase^  diai«ta&e,  pepsin,  and  other  ferments  are  con- 
sidered hy  Liebig  to  be  modifications  of  albumen  in  particular 
states  of  decay ;  and  yeast  itself,  although  an  organized  structure, 
is  supposed  to  owe  a  part  of  its  remarkuhle  i>ower  of  exciting 
fermentation,  to  the  presence  of  azotised  matter,  which  is  under- 
going definite  transformation,  although  the  nature  of  the  change  is 
but  little  understood.  If  albuminoid  matters  be  heated  in  close 
vessels,  they  first  swell  up  and  fuse,  then  blacken,  and  emit  a  large 
quantity  of  foetid  empyreumatic  products,  among  which  ammonia 
and  sulphnretted  hydrogen  are  always  present;  and  they  leave  in 
the  retort  a  porous,  brilliant,  carbonaceous  mass.  WTien  inci- 
nerated they  leave  a  notable  amount  of  ash  :  this  varies  in  quantity 
in  diflerent  cases,  but  it  always  contains  phosphate  of  lime, 

(1401)  All  of  these  albuminoid  substances  are  capable  of 
existing  both  in  a  soluble  and  an  insoluble  form.  In  the  animal 
fluids  they  occur  in  the  soluble  modification,  whiL'^t  in  the  solid 
parts  they  frequently  are  found  in  the  insoluble  condition.  The 
power  of  thus  existing  eitiier  in  the  solid  or  in  the  liquid  state 
is  of  the  greatest  importance  to  the  operations  of  animal  life. 
It  is  necessary  that  these  essential  constituents  of  our  frame 
should  be  able  to  exist  in  solution,  in  order  that  by  the  circula- 
tion of  the  blood  they  may  be  carried  into  every  part  of  the  body ; 
and  it  is  also  necessary  that  they  should  be  able  to  assume  a 
solid  form,  to  prevent  the  circulating  fluids  in  their  course  from 
dissolving  and  washing  away  the  delicate  organs  through  which 
they  pass. 

These  albuminous  principles,  either  in  their  soluble  or  their 
insoluble  condition,  are  readily  dissolved  by  the  aid  of  a  gentle 
heat  in  a  solution  of  potash  or  of  soda  :  the  addition  of  an  acid  to 
this  liquid  so  obtained  causes  the  separation  of  a  greyish  tlocculent 
precipitate,  termed  by  Mulder  proit'tn^  while  a  slight  odour  of 
sulphuretted  hydrogen  is  emitted,  and  a  .small  quantity  of  phosphoric 
acid  is  also  found  in  the  solution.  This  precipitation  is  best  effected 
by  means  of  acetic  aeid,  since  the  mineral  acids  are  obstinately 
retained  by  the  floccidi.  When  either  of  these  principles,  in 
ita  soluble  form^  is  evaporated  at  a  gentle  heat^  it  yields  a  semi- 
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msparent  friable  mas«*,  nearly  insoluble  in  alcoliol  and  etlier.  In- 
deed, the  adclitiou  of  alcohol  to  the  aqueous  solutions  causes  their 
coagulation.  Their  aqueous  solutions  are  also  precipitated  by  the 
addition  of  solutions  of  the  salts  of  copper,  of  lead,  and  of  mer- 
curyj  aa  well  as  by  infusion  of  galk. 

Concentrated  sulphuric  acid  dissolves  the  albuminoid  substances 
with  a  brownish  red  colour,  but  the  most  characteristic  tests  for 
the  proteic  bodies  are  afforded  by  nitric  and  hydroi^hloric  acids. 
Concentrated  nitric  acid  produces  in  their  solutions  a  coagulum  of 
a  bright  orange  colour,  and  gradually  dissolves  it  with  efferves- 
cence, or  if  they  be  in  the  insoluble  condition,  the  tissue  is  stained 
yellow,  and  is  slowly  dissolved.  Mulder  considers  this  yellow 
substance  to  be  a  distinct  compound,  aivd  names  it  xanthoproteic 
acid.  Concentrated  hydrocldoric  acid  when  gently  wanucd  with 
albuminoid  solutions  produces  a  milk-white  coagidum,  which  it 
dissolves  slowly,  forming  a  blue  or  violet-coloured  litpjid.  It  may 
farther  be  stated  that  acids  genendly  produce  coagulation  of  albu- 
minoid substances  wlien  in  solution,  but  that  (with  the  exception 
of  the  metapliosphoric)  when  added  in  excess  thc^y  redissolve  the 
coagulum.  On  diluting  these  acid  liquids  with  a  moderate  quan- 
tity of  water,  a  precipitate  occurs,  but  it  disappears  if  the  dilution 
be  carried  still  farther.  These  acid  solutions  give  a  precipitate 
with  the  fcrrocyanide  and  with  the  fcrridcyanide  of  potassium, 
though  the  aqueous  solution  does  not.  Mil  Ion  proposed  to 
test  for  the  pratein -com pounds  by  moistening  the  tissues  sujiposed 
to  contuin  them,  with  a  solution  of  two  parts  of  mercury  in  four 
of  nitric  acid,  of  sp.  gr,  1*40.  On  the  application  of  a  tempera- 
ture a  little  below  that  of  boiling  water,  an  intense  red  colour  is 
developed,  which  is  not  destroyed  by  boiling  with  water,  nor  by 
exposure  to  the  air.  The  gelatinous  tissues,  however,  produce  a 
similar  coloration.  This  red  colour  is  so  intense  that  it  may  be 
perceived  on  adding  the  mercurial  solution  to  a  liquid  containing 
not  more   than  nnsVrnjth  of  its   weight  of  alliumen. 

Both  albumen  and  fibrin  contain  a  small  quantity  (less  than 
2  percent.)  of  sulphur  and  of  phospliorus ;  casein  likewise  con- 
tains sulphur,  but  the  phosphorus  is  absent.  It  is  owing  to  the 
presence  of  sulphur  that  putrid  eggs  possess  their  peculiarly 
offensive  odour.  The  sulphur  is  in  the  nnoxidizcd  condition, 
and  this  probably  is  also  tlie  case  with  the  pliosjihoms.  By  the 
action  of  a  solution  of  potash,  both  these  elements  are  in  great 
raeafture  removed  from  the  organic  body,  and  when  the  alkaline 
liquid  19  neutralized  with  an  acid,  the  pmtein  is  precipitated, 
wkilst   the  phosphorus   aiid   most  of  the  sulphur   remain  iu   the 
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solution.       The    presence  of  unoxidized    sulphur   in    the    guper^ 
natant  liquid  may  be  shown  by  adding  to  the  cold  solution  ^^M 
potashj    of    one    of   these    compounds    (albumen    for    examplej^ 
a  few  drops  of  a  clear  solution  of  oxide  of  lead  in  potash,  formed 
by  adding  an  excess  of  potash  to  a  solution  of  acetate  of  lead. 
On  applying  heat  to  the  solutioUj  the  albumen  is  decomposed,  its 
sulphur  is  removed,  whilst  sulphide  of  potassium  and  hyposulphil^ 
of  potash  are  produced ;  4  S  +  3  KO  =  2  KS  -f  KO,  SjO^ :  the  sdH 
pliide  immediately  shows  itself  by  fomiiug  a  brown  precipitate  oP 
sulphide    of  lead,   which    renders   the   liquid    dark-coloured  and 
opaque;  PbO  +  KS  =  FbS  +  KO.     The  phosphorus  beco 
oxidized  and   converted  into  pliosphoric  acid ;  it  remains   in 
liquid,  in  which  it  may  be  discovered  by  the  appropriate  testa. 

Many    chemists,     including    Gerhardt    among    the    num 
regard  all  the  substances  of  the  albuminoid  group  as  chemi 
identical,  and  as  resulting  from  the  combination  of  a  single  p 
ciple,  which  presents  the  characters  of  a  feeble  acid;  the  modi 
tions  in   properties  which   it  exhibits  under  the  various  forms 
albumen,  fibrin^  and   ca^sein,  being   due   to  its   combinatiou 
different  base^,  or  Riline  bodies.    This  hj^othesis,  however,  thoi 
probable,  has    not   been   actually   proved  to  be  true,  and   in 
present  state  of  science  it  is  necessary  to  regard  these  bodies 
distinct  substances,  which  are  convertible  by  vital   procesaea 
into  the  other,  but  each  of  which  has  its  own  peculiar  fuiictic 
in  the  organism. 

The  original  view  of  !Mukler  was,  that  albumen,  fibrin,  and 
casein    were    derivatives  of  one    fmulamental    azotised   principle, 
which  he  termed  prolein  ^  and  that  this  substance  by  itsuniou  with 
difterent  proportions  of  sulphur  and  of  |) bos p horns,  gave  rise  to  t^H 
ditierent    modifications   of   the    albuininoid   group.      Licbig    hfl^ 
however,  shown  that  Mulder's  protein  always  retains  a  small  hut 
variable  amount  of  sulplinr,  and  he  denies  the  existence  of  proti^H 
fus  a  separate  body.      It   appears   most    likely   that    the   substaiti^ 
termed  protein  by  ^luhler  is  merely  the  original  l)ody  which  was 
operated  upon,  but  slightly  modified  in  the  course  of  the  experi- 
ments, by  the   action   of  |Mjtash,     The    following  table  indicates 
the  composition  of  100  parts  of  protein  according  to  the  analysis 
of  !Mulder,  and  it  gives  a  comparative  view  of  the  results  of  the 
analysis  of  albumen,  fibrin,  and  casein,  by  the  same  chemist,  fix>ta 
which  it  is  apparent   that   the  com|KJsition  of  these  Ixidics  is  such 
that  mere  ultimate  analyses  arc  insufficient  to  distitiguish  Ijetween 
them.     The  analyses   of  Icgumin  arc  discordant,  and  it  appears 
doubtful  whether  Dumas  and  Cahours  operated  on  a  homogeneoua 


A 


PllOTEIN. 


Gal 


substance  (1408),     In  all  cases  the  a^^hes  have  been  deducted  pre- 
vious to  calculating  the  composition  in  100  parts  :— 


Carbon ,     , 
HyJroj^eii . 
Nitrogen    , 
Oxygen 
Sulpliiir 
Pkosphorus 


MnldtF. 


from 


from 
Hen'i 


Fibfin. 


537 

53*5 

5f'7 

70 

7^0 

6-9 

i4*a 

'SS 

15"4 

'U 

22*0  1 
1-6  1 

235 

13 

0'4 

0^3 

CwNnn. 


53B3 

T 

X 

32'52 
0-851 


,^ 


Globu* 


545 
6-9 
16-5 

23'I 


100*0    100*0  I  too'o    100*0    !  rooo 


.Dtim»»  and     Botic« 
Goblfj.  I  Cahour*.       JotiM. 


Vit^lliii 
frotrt 
Han't 


52  26 

7-^5 

15-06 

23*24 
117 

1*02 


from 


50*53 

6  91 
18  15 

24*41 


lOO'OO,    lOO'OO 
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7 '59 
15*89 

21*47 


The  immerous  experiments  upon  fibrin,  albumen,  and  casein, 
made  subsequently  to  these,  by  various  chemists^  completely  eon- 
firm  the  accuracy  of  the  results  obtained  by  Mulder  with  these 
substances. 

(1402)  Proiemi:  {CJh^S^n  =  QJ^.-N^Ojo.  2  IIO  ?).— 
Mulder  still  maintains  the  existcuce  of  a  substance  free  from 
sulphur,  which  he  terms  pixitein,  aud  to  which  he  assies  the 
formula  above  given.  It  has,  however,  never  been  procured  free 
from  sulphur.  The  gelatinous  flocculi,  obtained  ou  neutralizing 
an  alkaline  solution  of  any  albuminoid  substance,  if  well  washed 
and  dricflj  furnish  a  yellowish,  horny-looking,  semi-transparent 
mass,  which  has,  according  to  Mulder,  the  same  composition, 
wli ether  it  be  prepared  from  albumen,  from  fibrin,  or  fmm 
casein.  Protein  is  de^^titute  of  taste  and  smell :  it  is  insoluble  in 
water,  alcohol,  and  ether;  but  in  water  it  swells  up  and  becomes 
gelatinous  in  appearance.  The  alkalies  dissolve  it,  and  deposit  it 
unaltered  on  neutralizing  the  solution  with  an  acid.  In  the 
mineral  acids  it  swells  up  and  forms  a  jelly  which  retains  a  por* 
tion  of  acid ;  this  acid  jelly  is  insoluble  in  water,  though  an  excess 
of  the  acid  dissolves  it,  and  de[K>sits  it  unaltered  on  dilutiou* 
Diluted  sulphuric  acid  if  digested  upon  protein  at  212^  for  some 
hours  gradually  decomposes  it,  and  produces  amongst  other  com- 
pounds a  quantity  of  leucine. 

When  protein,  or  any  compounfl  which  furnishes  it,  is  boiled 
in  water  for  several  consecutive  horn's,  the  protein  gradually 
combines  with  oxygen,  and  becomes  converted  into  a  soluble 
Bub^tance,  termed  by  Mulder  ieroxide  of  protem  and  ammonia^ 
{U.^OtiO^\\^;^fi\ip  3HO?);  this  compound  is  insoluble  in  alcohol 
and  in  ether.  Its  aqueous  solution  is  precipitated  by  the  mineral 
cidsj  by  solutions  of  chlorine,  of  tannic  acid,  and  by  the  salts  of 
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lead,  of  silver,  of  21  nc^  and  of  ii^oii ;  but  not  by  ferrocyanide  of 
potassium,  or  by  salts  of  baryta.  It  forms  neutral  compounds 
with  the  alkalies ;  but  if  boiled  with  an  excess  of  potash  or  of  »oda 
it  emits  ammonia.  It  is  very  probable  that  much  of  the  material j 
M-hieh  figures  in  the  analysis  of  animal  products,  as  '  watery  ex- 
tractive animal  matter'  consists  of  this  body ;  and  if  so^  it  forms  an 
important  substance  in  connexion  with  the  metamorphosis  of^J 
albumen  and  of  fibrin  into  the  products  which  are  carried  off  hy^| 
excretion  from  the  system.  ^ 

When  a  current  of  chlorine  is  transmitted  through  a  dilute  solu* 
tion  of  albumen,  a  compound  is  separated  in  white  flocculi,  which 
Mulder  regards  as  a  definite  compound  of  chlorous  acid  with  protein. 
This  substance  when  decompused  by  ammonia,  yields  the  ammo-- 
niacal  teroxide  of  protein,  just  described.  This  same  sabstance  ap 
pears  to  exist  in  the  hnffij  coat  of  the  blood,  which  is  formed  upon' 
the  surface  of  the  coagulum  in  blood  drawn  from  patients  aufiering 
from  certain  acute  inflammatory  affections.  In  such  cases^  it 
is  associated  with  an  iusolublc  compound^  originally  described  byj 
Mulder  as  the  bhioxide  of  protein.  The  same  chemist  also  re* 
gards  this  insoluble  body  as  forming  the  principal  constituent  of  the 
hair:  it  is  of  a  yellowish  colour,  is  soluble  in  alkalies,  and  is' 
aparingly  so  in  acetic  acid,  Mulder  states  that  it  is  this  compound 
which  constitutes  the  insoluble  residue  obtained  from  fibrin  after 
it  has  been  Iwiled  for  many  hours  in  water.  It  is  probably  similar 
to  that  found  in  horn ;  but  the  nature  of  this  substance,  aud 
its  relations  to  albumen,  require  further  examination.  Indeed,! 
the  existence  of  the  wliole  of  these  protein  comjwunds,  as  distinct 
principles,  must  Ijc  admitted  to  be  very  problematical. 
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(1403)  Album  EX. — The  properties  of  this  body  when  in  solu- 
tion   are  subject   to   considerable    modification,  according  to    tho^ 
nature  of  the  substances  with  which  it  is  associated.     The  reac- 
tions of  albumen   from  the  white  of  the  hen's  e^g   {ovalbnmen), ' 
therefore,  differ  in  some  respects  from  those  afl'-^rdcd  by  albumen 
contained  in  the  serum  of  blood  [seralbumen]  j  and  this  again  from 
soluble  albumen  freed  as  far  as  possible  from  saline   admixture  j 
and  all  of  these  forms  of  albumen  diftcr  slightly  from  the  albumen^ 
contained  in  the  urine  as  secreted  in  Bright^s  disease.  ^M 

Soiubit  albumen^  in  an  aqueous  solution,  is  a  tasteless,  somewhat 
glairy,  colourless  liquid,  which  exerts  a  left-handed  rotatory  action 
upon  a  ray  of  polarized  light.  A  solution  of  albumen  is  readily 
coa;:^ilatcd  by  heat,  aud  by  the  addition  of  various  saline  and  acid 
liquids.      It  may  be  evaporated  to  dryness  at  a  temperature  not 
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exceeding  120^  F.j  arid  may  be  preserved  in  the  form  of  a  yel- 
lowish, brittle,  transparent  mass,  which  is  insohible  in  akohol  and 
in  ether;  but  it  may  be  slowly  rcdi;§solved  in  lukewarm  water; 
the  solution  being  greatly  promoted  by  the  addition  of  a  small 
quantity  of  clilondc  of  sodium  or  of  any  other  salt  of  the  alkalies, 
A  considerable  portion  pf  the  albumen  iSj  however,  .always  left  in 
the  iuBolnble  form.  If  white  of  egg,  or  sernm,  be  evajiorated  to 
dryness  in  vacuo j  then  powdered  and  digested  in  a  small  quantity 
of  cold  water^  the  greater  portion  of  the  soluble  salts  are  dis* 
solved.,  and  at  the  same  time  a  considerable  quantity  of  albumen 
is  found  in  the  liquid;  the  residue^  after  being  thus  freed  from 
its  soluble  salts,  is  almost  insoluble.  Albumen,  in  its  purest  form, 
has  a  slightly  acid  reaction  upon  litmus. 

The  most  remarkable  peculiarity  of  albumen  is  its  power  of 
fiolidtfying  on  the  application  of  heat  and  of  beeomiug  insoluble. 
This  coagulation  begins  at  140*^  F*;  the  solution,  if  conceut rated, 
sets  into  a  gelatinous  mass,  as  is  seen  in  the  common  process  of 
boiling  an  c^g  bai'd;  but  when  the  liquid  is  very  dilute,  it  simply 
becomes  turbid.  The  albumen  may,  however,  be  separated  by 
ebullition,  provided  that  the  solution  be  neutral  or  sliglitly  acid ; 
it  then  collects  into  flakes,  which  can  be  separated  by  filtration. 
Nothing  \h  known  of  the  cause  of  the  coagulation  of  albumen 
by  heat.  When  a  solution  of  albumen  containing  alkali,  such  as 
serum  or  white  of  egg,  is  lieatcd,  a  small  quantity  of  sulphiu*  is, 
separated,  and  the  liquid  becomes  rather  more  alkaline  from  the 
liberation  of  a  portion  of  the  soda  from  the  coagulated  mass* 

Coagulated  albumen,  when  dried,  forms  hard,  horny,  trans* 
parent  masses,  of  a  yellowish  colour*  When  plunged  into  cold 
water  it  absorbs  four  or  five  times  its  bulk  of  this  liquid,  and 
becomes  opaque  and  elastic*  It  is  not  soluble  in  water,  but  by 
long  boiling  in  open  vessels  it  undergoes  gradual  decomposition, 
irnd  a  soluble  compound  is  obtained,  which  has  the  composition  of 
teroxide  of  protein  and  ammonia  (140^).  If  heated  to  300^  with 
a  small  quantity  of  water,  in  a  scaled  tube,  the  albumen  is  redis- 
solved,  and  furnishes  a  liquid  which  does  not  coagulate  by  heat, 
but  which  when  acidulated  with  acetic  acid  gives  a  precipitate 
with  ferrocyanidc  of  potassium. 

Strong  alcohol  precipitates  albumen  from  its  aqncous  solution ; 
but  if  the  alcohol  be  rendered  slightly  alkaline  by  the  addition  of 
potash,  no  coagulation  ensues.  Ether,  if  free  from  alcohol,  does  not 
occasion  the  coagulation  of  albumen,  although  it  renders  its  con- 
centrated solution  viscid*  Kreasote  occasions  its  immediate  eoagn- 
lation«     The  concentrated  mineral  acids  preeipitate  albumen  in  a 
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coagulated  form,   but  gradually  decompose  it    aud    dissolve   i^^ 
actiog  upon  it  as  they  do  upon  the  compounds  of  protein  generally |^| 
oil  of  vitriol   dissolves  it  with  a  brownish  red  colour,  nitric  aciJ 
produces  with  it  a  lemon-yellow,  and  warm  hydrochloric  acid  a 
violet. coloured  solution  after  some  hours'  digestion.     Nitric  acid 
precipitates   it,    and   when   dilute,   does  not   retlissolve   the   pr 
cipitate.       Hydrochloric  acid    precipitates  it  and   redissoh^es   it 
coagulum;   the  solution  when  poured   into  a   small   quantity 
water  becomes  milky,  but  is  rendered  clear  by  the  further  additiofl 
of  water.     Dilute  sulphuric  acid  produces  no  precipitate  till  th€ 
liquid  is  boiled :  the  clear  solution  in  concentrated  sulphuric  add 
is  not  precipitated  when  diluted  with  water.    Metaphosphoric  acid 
causes  an  immediate  coagulation  of  albumen ;  but  the  other  varietic 
of  phoi^phoric  acid  produce  no  such  effect.     Acetic  acid,  and  tli 
organic  acids   generally,   except    the   modification  of  tannic   acid 
which  is  contained  iu  infuisiou  of  galls,  do  not   protluce  any 
cipitate  in  solutions  of  albumen. 

The  solutions  of  albumen  in  the  organic  acids  arc  not 
lated  by  boihug,  but  a  pellicle  gnidually  forms  over  the  surfaod] 
during  evaporation ;  the  addition  of  a  saline  solution,  such  as  sti 
phate  of  sKxla  or  chloride  of  sodium,  causes  the  albumen  to  separat 
from  these  solutions.    The  precipitates  thus  obtained  are  generall] 
soluble   iu   pure  water;   predpiiaied  albumen   is,  therefore,   nc 
necessarily  in  the  coagulated  form.      If  a  solution  of  white  of  i 
be  rendered   accurately  neutral  by  the  addition  of  acetic  acid, 
then  be  diluted,  flocculi  of  albumen  are  precipitated,  but  they  are 
redis&olved  when  treated  with  a  solution  of  common  salt  or  of  nitre. 

Solutions  of  alum,  and  of  many  of  the  metallic  salt^,  such  as 
those  of  copper,  of  lead,  of  mercury,  and  of  silver^  precipitate  solu- 
tions of  albumen.  It  is,  therefore^  useful  to  administer  whites  o^ 
eggs  iu  the  liquid  form  in  eases  wlierc  poisoning  from  swallowinj 
any  of  the  salts  of  these  metals  is  suspected  to  have  occurred ;  the 
remedy  is  a  safe  ojie,  aad  it  can  do  no  harm ;  whilst  if  the  poison 
have  really  been  taken,  the  albumen  decomposes  the  salt,  and 
generally  enters  into  combination  both  witli  the  acid  and  the  base  i 
the  albumen  sheathing  the  stomach  from  the  influence  of  th^ 
poison,  whilst  other  measures  ai^e  in  preparation  for  effecting  it 
removal  from  tlie  system, 

Efftci  of  Bases  on  Albumen. — The  presence  of  an   alkali   it 
liquids   containing  albumen  considerably   modifies    the  reactions  j 
if  the  alkali  be    present   in   large  quantity,  the    solution   docs  not 
coagulate  wlien  heated,  but  a  pellicle  forms  over  the  sm-face  during' 
the  evaporatioiij  thus  exhibiting   an  appearance   similar  to  that 
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observed  wlieti  milk  and  other  solutions  of  casein  are  exposed  to 
the  air  whilst  hot. 

Albumen  forms  definite  eompounds  with  the  alkalies  and  other 
metallic  oxides.  Coagulated  albumen  is  dissolved  freely  by  solution 
of  the  alkalies,  and  in  certain  proi*ortions  it  even  neutralizes  tbcir 
action  upon  test  paper.  If  a  concentrated  solution  of  albumen 
be  mixed  with  one  of  potasbj  a  gclatinons  mass  of  albammute  of 
poiash  is  formedj  from  whiehj  by  washing  with  cold  water,  the 
excess  of  alkali  may  be  removed ;  it  retains  5:4  per  cent,  of 
potash  (Licberkuhn).  If  the  gehitinons  mass  be  washed  witli 
alcohol  and  then  with  water,  it  is  insoluble  in  boiling  water 
»ud  also  in  boiling  aleoliol ;  hut  if  it  be  washed  w^ith  cold 
water  only,  the  residue  is  soluble  both  in  boiling  water  and 
in  boiling  alcohol.  The  aqueous  sokitiou  of  albuminate  of 
potash  is  not  coagulated  by  boiling  it,  but  on  the  addition  of  a 
small  quantity  of  acetie,  tartaric,  or  phosphoric  aeid^  a  white 
coiigulum  is  produced,  whieb  is  readily  dissolved  by  an  excess  of 
acid.  These  characters  resemble  those  of  casein,  aud  some  che- 
mists have  supposed  that  casein  is  simply  an  albuminate  of  potash* 
The  coagulum  obtained  by  the  addition  of  acetic  acid  to  the 
solution  of  albuminate  of  potash,  when  well  washed,  furnishes 
nearly  pure  albumen.  It  leaves  scarcely  auy  ash  on  incineration. 
\  The  albuminate  of  mda  resembles  that  of  potash,  and  may  bo 
formed  in  a  similar  manner.  The  animal  fluids  in  wiiieh  albumen 
occurs  J  sxicb  as  the  white  of  the  egg  and  the  serum  of  the  blood, 
are  very  slightly  alkaline,  the  proportion  of  alkali  not  exceeding 
1*58  per  cent,  in  ovalburaen  {Lchmanu).  Even  this  small  proportion 
renders  the  albumen  more  soluble,  and  prevents  its  complete  coagu- 
lation on  boilings  a  portion  of  albumen  remaining  dissolved  and 
forming  what  is  often  termed  albuminale  of  soda :  and  that  portion 
of  the  albumen  which  does  coagulate  docs  not  collect  into  tlocculi. 
The  albuminate  of  soda  may  be  readily  decomposed  by  neutralizing 
it  w^ith  acetic  acid ;  on  afterwards  boiling  it^  the  albumen  separates 
in  coherent  flocks.  It  is  also  to  be  remarked  that  the  albumen  may 
be  made  to  separate  from  the  slightly  alkaline  liquid  by  boiling  it 
after  the  addition  of  a  neutral  salt,  such  as  sulphate  of  soda,  com- 
mon salt,  or  muriate  of  ammonia.  These  are  points  which  require 
attention  in  the  analysis  of  animal  liquids,  in  which  the  quantita- 
tive separation  of  alliumen  is  necessary.  Gerhardt  is  disposed  to 
view  scrum  and  the  white  of  ^^^^  as  containing  a  definite  bialbu^ 
iuatc  of  soda,  and  adopting  Liebcrkulin's  formula  for  albumen  it 
would  be  (HO,  NaO,  Ci^JInoNisSaO^^,  lAq),  Such  formuhe, 
howevcrj  can  only  be  regarded  a&  approximations. 
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According   to  Lieberkuhiij  the   compound   of   allmineu 
o:pid€  of  silver  is  (AgO,  HO^  Ci^HuoNigSjO^  aAq) ;  that  of  cap 
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^144** no*^  18^2^121  *  Aq) ;  the  latter  5ul>stancc  is  soluble  m 
an  excess  of  solution  of  sulphate  of  copper.  The  compound  of  alba- 
men  with  oxide  of  iead  is  obtained  by  adding  subacetate  of  lead  to 
a  solution  of  albumen;  it  is  readily  decomposed  by  all  the  adds. 
The  albuminate  of  mercury  is  formed  when  a  solution  of  ivhite  o^ 
egg  is  miied  with  one  of  corrosive  sublimate :  it  is  very  insolol^H 
in  pure  water^  but  it  is  dissolved  by  a  solution  of  common 
salt. 

Preparalion.—The  preparation  of  pure  albumen  in  the  coagu* 
latedfonn  may  be  etfectcd  by  precipitating  white  of  egg  by  means 
of  hydi'ocLloric  acidj  washing  with  the  same  acid  in  a  diluted  form, 
and  then  dissolving  in  water ;  this  solution  is  precipitated  by 
carbonate  of  ammonia ;  the  coagulum  is  washed,  dried,  and  subse- 
quently i>owdered,  after  ^shieh  it  is  digested  in  alcohol  and 
ether^  in  order  to  remove  traces  of  adhering  fatty  matters,  • 
may  also  be  obtained  by  decomposing  albuminate  of  potash 
means  of  acetic  acid* 

In  the  Hoiuiile  form  it  is  doubtful  whether  it  be  possible  to 
the   albumen  perfectly  from   salts.      One    method   by  which  tl 
object   is  nearly  attained  consists  in  neutralizing  dilute  white 
egg  with  acetic  acid^  the  liquid  is  thcu  evaporated  to  dryness  in] 
platinum  capRule  at  a  temperature  below   vxo^y  after  which 
powdered  rci^iilue  is  digested  in  very  weak  alcohol. 

Wurtz  considers  that  a  pure  soluble  albumen  may  be  obtained 
in  the  following  manner:  white  of  egg  is  well  agitated  with  twi 
its  volume  of  water  and  strained  through  linen  in  order  to  remof 
the  membranous  flocculi :  the  filtered  portion  is  then  mixed  with  a 
solution  of  subacetate  of  lead,  in  quantity  insufficient  to  throw  do^ 
the  whole  of  the  albumen.  The  copious  precipitate  thus  obtain^ 
must  be  well  washed,  suspended  in  water,  and  decomposed  by  means 
of  a  current  of  cai-bonie  acid  gas,  when  the  lead  is  separated  in  the 
form  of  carbonate,  and  the  liberated  albumen  becomes  dissolved, 
I'he  solution  is  filtered  througli  paper  freed  from  saline  matter  by 
washing  with  a  weak  acid.  It  however  retains  traces  of  lea^H 
which  may  be  removed  by  transmitting  sulphuretted  hydrogen  ani^l 
heating  the  liquid  to  140"^,  when  the  first  flocculi  of  coagulated 
albumen  which  are  thus  Ibrmed  carry  with  them  the  wtiole  of  the 
sul|)hide  of  lead,  and  may  be  removed  by  filtration.  The  liquid 
is  Hnally  evaporated  at  a  tcraperature  below  120°.  ^| 

No  method  is  kfiown  by  which  the  absolute  purity  of  albumei^* 
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can  be  ascertained.  Its  combiaing  equivalent  is  also  uncertain, 
since  it  forms  no  definite  compound  upon  the  purity  of  wliick  a 
decided  opinion  can  be  formed. 

Sotirces  of  Albumefi.—Alhnmen  is  a  very  abnndant  constituent 
of  the  animal  body  :  it  eonatitotes  about  7  per  cent*  of  the  entire 
mass  of  the  blood ;  it  is  an  essential  component  both  of  lymph  and 
of  chyle ;  and  it  is  abundant  in  all  serous  exudations,  although 
it  is  found  in  these  fluids  in  smaller  propoi'tion  tlian  in  the 
serum  of  the  blood.  It  is  also  contained  in  large  proportion 
in  many  of  the  soft  solids  of  the  body,  as  for  example,  in  the 
brain,  the  kidneys,  the  liver,  and  the  paucreris,  in  all  of  which  it 
exists  in  the  uncoaguktcd  form.  The  liquid  of  the  pancreas  appears 
to  be  the  only  secretion  in  which  it  occurs  in  healtlL  It  is  never 
found  in  the  excreta  except  under  the  iufiuence  of  disease  :  thus 
it  is  occasionally  poured  out  from  the  mucous  membrane  of  the 
bowels  in  cases  of  intestinal  catarrh,  and  has  been  repeatedly  found 
in  the  alvinc  dejections  in  cases  of  dysentery,  as  well  as  in  those 
of  Asiatic  cholera.  It  is  likewise  often  met  with  in  the  urine  in 
acute  febrile  affections,  as  well  fis  in  some  chronic  affections  of  the 
heart,  livery  and  kidneys^  especially  in  the  disease  known  m  morbus 
HnghtiL  Its  occurrence  in  the  ovum  is  general^  and  is  familiarly 
illustrated  in  tlie  case  of  the  eggs  of  birds. 

The  juice  of  many  [dantSj  such  as  that  of  carrots,  turnips,  and 
cabbages^  when  heated,  becomes  turbid^  from  the  coagulation 
of  a  substance  which  analysis  shows  to  have  the  same  compo- 
gition  as  albumen,  and  with  which  it  coincides  in  all  important  par- 
ticulars. Wlicat  ffonr  likewise  contains  an  azotised  substance 
which  is  soluble  in  cold  water,  forming  a  solution  which  yields 
greyish  flocculi  of  albumen  on  evaporation. 

Par  alba  men  is  the  name  given  by  Scherer  to  a  substance  ob- 
tained from  the  liquid  of  ovarian  dropsy.  Its  solution  is  precipi- 
tated by  alcohol,  but  the  flocculi  are  redissolved  by  water  at  100"^, 
and  it  is  oidy  imperfectly  coagulated  by  heat.  Many  other  varieties 
of  albumen  which  have  been  dcscril>ed  probably  arise  irom  the 
modif)'ing  effects  of  aalts  upon  albumen. 

(1404)  Globulin ,  or  Crystailin,  u  a  substance  which  closely 
resembles  albumen.  It  occurs  mixed  with  albumen  in  the  cells 
of  the  crystalline  lens  in  a  very  concentrated  sobition^  forming, 
according  to  Simon,  from    10  to  14  per  cent,   of  the  dry  lens.* 


•  Lehmaan,  in  his  experiments  upon  this  substancei  appears  not  to  hare 
separated  the  alhamen,  and  hence  the  descHjition  ^hich  he  gives  of  it  dUlera 
^L   from  that  of  Simoa,  who  removed  this  impurity. 
H  FAUT  IIK  V    U 
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tyiAus,  flilorosis^  kc,  it  is  frefiuently,  but  not  uniformly,  slightly 
dirainished,  though  by  long  fasting  it  issoinewliat  iucre.ised  in  quau- 
tity.  Lymph  does  not  usually  coutain  more  than  04  or  o" 5  parts 
per  1000.  In  the  chyle  of  animak  it  has  been  found  to  vaiy 
from  07  to  yo  per  1000. 

Fibrin,  iu  the  form  of  muscular  tissue,  constitutes  a  large 
proportion  of  the  soft  parts  of  animals.  It  occurs  in  muscle 
arranged  in  bundles  of  fibres,  and  from  this  circumstance  the  name 
of  hbdn  derives  its  origin.  Muscular  fibrin,  however,  presents 
several  points  of  diiierence  from  the  fibrin  obtained  from  tlie  blood. 
According  to  Liebig,  fibrin  may  also  be  obtained  from  the  juice 
of  plants,  and  it  exi^^ts  in  the  gluten  of  wheat. 

Preparation, -^-Bhad-fihrin  may  be  obtained  iu  a  state  of  toler- 
able purity  by  whipping  np  freshly  drawn  blood  with  a  .bundle  of 
twigs :  in  the  act  of  coagulation  the  fibrin  attaclics  itself  in  soft, 
white,  opaque,  elastic  strings  to  the  twigs,  and  may  be  afterwards 
washed  clean  by  maceration  and  kneading  in  water  till  it  is  free  from 
colour.    WTien  dry,  fibrin  forms  a  horny,  yellowish,  or  grey  solid. 

The  reactions  of  fibrin  in  the  solid  form  are  similar  to  those 
of  coagulated  albumen,  except  that  fibrin  decomposes  deutoxide 
of  hydrogen  with  effervescence,  whilst  albumen  produces  no  such 
effect ;  but  fibrin  by  long  boiling  in  water  is  also  rendered  equally 
inert.  When  fibrin  is  heated  to  300°  with  a  small  quantity  of 
water,  in  a  sealed  tube,  it  is  redissolved,  and  forms  a  solution  which 
becomes  coagulated  by  acids,  and  resembles  that  formed  by  albumen 
imder  similar  circumstances.  The  coagulation  of  fibrin  is  prevented 
hy  allowing  the  blood,  at  the  moment  of  its  etHux  from  the  body,  to 
mix  with  solutions  of  certain  salts,  such  as  carbonate,  or  nitrate  of 
potash,  acetate,  or  sulphate  of  soda,  and  chloride  of  sodium.  The 
fibrin  of  venous  blood,  Ijefore  exposure  to  the  oxygen  of  the  air^  is 
freely  soluble  in  a  solution  containing  about  one-sixth  of  its  weight 
of  nitre^  as  well  as  in  similar  solutions  of  the  alkaline  sulphates, 
acetates,  phosphates,  and  chlorides.  This  solution  becomes 
coagulated  like  albumen  when  heated,  hut  is  precipitated  by 
acetic  acid ;  when  exposed  to  the  air,  the  solution  absorbs 
oxygen  and  deposits  insoluble  flocculi*  Fibrin  is  freely  soluble 
in  dilute  solutions  of  potash  or  of  soda,  and  the  alkaline  liquid  pre- 
sents many  of  the  characters  of  albuminate  of  soda,  and  on  neu- 
tralizing the  solution  with  acetic  or  phosphoric  acid,  the  fibrin 
is  rc-precipitated  :  if  the  alkaline  solution  be  mixed  with  metallic 
salts  it  yields  precipitates  similar  to  those  formed  with  albumen. 
The  solutions^   both   of  fibrin  and  of  albumen,   iu   acetic   acid, 
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the   atldition   of   ferrocyanide  of  potassiun 
1  tbcj  are  at  once  distinguished  from  gela 
itate  under   similar  circumstances.      If  tl 
^^  r-  ,^  w^^ui  be  neutralized  by  potash,  it  is  precipitate 
^jg^  -w^gmfs  &a  albumen,  but  it  does  not  become 
»   |0^ied.     There  is  a  marked   difference  between  the" 
^Mpa  upon  albumen  and  fibrin.      Scherer  found  tba^^ 
>  ^femwii  serum,  or  white  of  egg,  was  exposed  to  th^H 
:iu  ^^,  confined  over  mercury,  scarcely  any  absorp- 
^^i  occurs,  and  little  or  no  carbonic  acid  is  evolved j 
bhrin,  on  the  other   hand,  when  exposed  in  a  moia 
V  %bve  air,   gradually  absorbs   oxygen,   and   emits  carbonid 
'^ij  UM  n  few  days  becomes  putrid.    By  long  lx>iling  in  watc 
^^ilAiJly  dissolved,  and  becomes  oxidized.    Albumen  is  simi 
U}C^.     Analysis   appears  to   prove   that    fibrin   is   a   body" 
^  ■'   ^  more  highly  oxidized  than  albumen  (see  Table,  p.  651)  ; 
^jniijij^iltifH  fibrin^  as  it  exists   in   muscle^  is  also  more  fully 
^^^^IHf^  ihiiii  that   which  separates  from  the  blood 
^^^^.uai's  view,  that  blood-fibrin  is  a  stage  of  transition  between 
i^ixs  matter  and  the  animal  tissues,  is  thus  rendered  highly 
.0.       It    appears   also,    from    the   analyses   of  Dumas    anc^H 
.    to  contain  about  i  per  ceut,  more  of  nitrogen  than  albumen^B 
^06)   Varieties  of  Ftbrith — The  observations  of  Liebig  on 
^    v^iderent   forms  of    fibrin    arc   interesting.       He    finds    that 
i^^^^Ai    itiood'Jii/n/ij    if  left   under   water   in    a   warm    place    in 
^^VM^t  loosely  covered,  putrefies,  and  gradually  becomes  dissolved  \ 
1^  giAie  of  his   experiments,  after  the  fibrin  had  been  maceratinj 
^  II   fortnight,   a   liquid   was   obtained,  which  coagulated   when 
t^^^A^l,  and  presented  many  of  the  characters  of  a  solution  of 
^jlMiiieu.     The  solution  likewise  contained  leucine,  and  acetic  and 
H^j^fte  acid,  besides  some  other  acid  substances,  which  have  been  but 
•iKxauplctely  examined.   Hydrosnlphatc  of  ammonia  is  also  formed. 
'u^  water  in  whicli  the  librin  is  digested  be  previously  mixed 
1  uiie-tentb  of  its  bulk  of  hydroehloric  acid,  blood  fibrin  swells  up 
i^i^nly  into  a  gelatinous  mass,  which,  on  the  addition  of  a  stronger 
i^^l,  shrinks  to  nearly  its  original  volume,  and  again  swella  uo^H 
ahcu  put  into  water,  but  it  does  not  form  a  true  solution*  ^M 

The  Jfbriji  of  mmcle^  on  the  contrarj%  afler  it  has  been  well 
*ird  and  pressed,  to  free  it   from  soluble  matters,  is  dissolved 
in'  less  completely  by  dilute  hydroehloric  acid.      If  the  acid 
nrd  in  this  solution  be  neutralized  by  an  alkali,  a  coagulura 
,  wliii4i  is  rrndily  dissolved   by  an  excess  of  alkali,  or  even 
this    latter    solution    becomes    coagulated^    oa 
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boiling,  like  white  of  egg.  On  the  addition  of  ammonia  to  tlirf" 
solution  of  fibrin  in  hydrocliloric  acvid,  tlie  muscle  fibrin  is  preci- 
pitated^ and  may  be  purified  by  siuocessive  wasliings  in  water, 
alcobolj  and  etber.  The  muscle  of  diflcrcnt  animals  varies  in  solu- 
bility ;  that  of  the  fowl,  and  of  beef,  was  found  to  be  almost  wholly 
soluble,  that  of  mutton  was  less  so,  whilst  in  the  muscular  fibrin 
of  veal  the  insoluble  portion  amounted  to  nearly  one-half — this 
residue  contained  the  fat  and  the  vascular  portions,  besides  a 
quantity  of  fibrin  whidi  resembled  blood- fibrin  in  eharaeters. 
The  soluble  portion  wjis  found  to  contain  less  nitrogen  than  the 
blood-fibrin.  When  fibrin  is  treated  with  acetic  acid,  and  viewed 
by  tlie  microscope,  it  is  found  to  consist  of  two  portions,  one  of 
which  is  granular,  and  soluble  in  acetic  acid,  while  the  other  is 
fibrous  and  insoluble.  The  proportion  of  these  two  components 
diflers  widely  in  different  specimens.  Tlie  ultimate  compositiott 
of  these  two  constituents  appears  to  be  very  nearly  the  same. 

The  portion  of  the  gluten  of  wheat  flour  which  is  insoluble  in 
hot  alcohol,  and  in  ether,  is  ix^anled  by  Liebig  and  by  Dumas  as 
coagulated  fibrin.  It  is  soluble  in  very  dilute  hydrochloric  acid, 
like  the  fibrin  of  muscle. 

{1407)  Casein  is  found  abundantly  in  milk,  of  which  it  con- 
stitutes nearly  3  per  cent.  Its  solutions  do  not  become  coagidated 
by  boiling;  they,  however,  present  a  reaction  nearly  as  charac- 
teristic :  the  hot  liquid  gradually  alxsorbs  oxygen,  and  in  conse- 
quence, a  pellicle,  which  id  insoluble  in  water,  is  gradually  formed 
upon  the  surface. 

Preparation. — Casein,  in  the  soluble  form,  as  present  in  milk, 
appears  to  owe  its  solubility  to  the  presence  of  a  certain  propor- 
tion of  free  alkali.  It  cannot  be  obtained  free  from  salts.  If 
skijnmcd  milk  be  evaporated  to  dryness  at  a  gentle  heat,  and  then 
digested  with  ether  to  remove  the  fat,  on  treating  the  residue 
with  water,  the  lactose  and  a  portion  of  the  casein  are  redissolved, 
and,  on  the  addition  of  alcohol,  a  considerable  portion  at*  the 
lactose  is  separated.  The  alcoholic  liquid  contains  casein^  still 
contaminated  with  lactose  and  with  salts. 

Casein  may  be  obtained  in  the  coagulated  form  nearly  pure 
by  the  foliotving  process : — Skimmed  milk  is  to  be  curdled  with 
dilute  sulphuric  acid.  The  ciu*d,  after  being  well  washed  witli  water, 
is  to  be  dissolved  in  carljonate  of  soda,  aud  su  tiered  to  stand  undis- 
turbed for  twenty^bur  hours  or  more,  to  allow  the  oil  to  rise 
to  the  surface ;  this  is  to  be  skiramc<l  off,  and  the  casein  again  pre- 
cipitated by  an  acid^  aud  well  ivashcd ;  al\cr  repeating  this  opera- 
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tion  a  secx>Dd  titiie,  the  coagulum  is  to  be  digested  in  alcohol  and" 
ether,  and  again  dried ;  but  it  cannot  be  perfectly  freed  from  the 
lalina  matters,  wliicJi  adhere  to  it  with  great  tenacity. 

Casein  may  abo  1>€  obtained  by  coagalating  skimmed  milk  by 
iDMUift  of  hydrochloric  acid^  and  washing  the  curd  first  with  water,^! 
then  with  water  acidulated  with  a  or  3  per  cent,  of  hydrochloria 
acid,  and  Hually  wilh  pure  water  j  a  glutinous  mass  is  thus  obtained^  , 
vhich  is  slowly  dissolved  by  digestion  at  110**  in  a  large  quantity  j 
of  water.     The  solution,  after  being  filtered,   is  precipitated  by' 
tlie  cuuiious  addition  of  carbonate  of  ammonia,  tlie  coagnlum  ia 
washed  with  water,  and   then  digested  suoceseively  with  alcohol 
and  ether 

l^rvftf'riies. — Casein  in  solution  is  immediately  cor^gulated  by 
Hicida.  An  ejccess  of  acetic  or  of  oxidic  acid  dissolves  the  coagu* 
hiin,  but  it  is  re- precipitated  from  its  acetic  solution  on  the  addi« 
lioii  of  one  of  the  niiHeral  acids.  According  to  Bouchardat^j 
Wilier,  contuiuing  1 -2000th  of  its  weight  of  hytlrochloric  acid, 
fhrms  with  casein  a  colourless  solution,  wliich  prmluces  left* 
handed  rotation  of  a  ray  of  j)o1arizcd  light.  If  tlicse  acid  solu- 
tions be  evaporatefl  at  a  liigh  temperature,  a  pellicle  of  insoluble 
casein  is  furmed  over  their  surface,  Mulder  coiisidcre  that  when  j 
the  miiKTnl  acids  are  employed  to  coagulate  caseiu,  they  form  defiuitel 
compounds  with  it,  the  acid  may,  however,  be  entirely  rcmovcdl 
by  washing*  With  strong  nitric,  sulpluiric,  and  hydrochloric' 
acids,  casein  produces  the  same  reactions  as  albumen ;  and  its 
acetic  soluliou  gives  a  similar  prccipitj^te  with  ferrocyanide  of  potaa* 
Slum.  Soluble  casein  is  sparingly  soluble  in  cold  alcohol,  but  more^^ 
freely  so  in  hot  nlcohal.  The  stronger  acids  produce  no  precipitate^B 
in  this  alcoholic  solution,  which,  however,  is  immediately  coagu- 
lated by  infusion  of  galls.  The  solubility  of  casein  in  water  is 
not  destroyed  by  the  action  of  alcohol,  for  tlie  residue  obtained  on 
evaponiting  both  the  aqueous  and  the  alcoholic  solutious  to  dry- 
ness miiy  lie  retlissolvcfl  in  water. 

Action  of  Bases  and  of  Salts, — Coagidatcd  casein  is  readily 
disfiolved  by  solutions  of  the  alkalies^  and  of  the  alkaline  carbonates; 
and  if  the  solution  be  very  feebly  alkaline,  the  alkaline  reaction  j 
may  be  cumpletely  neutralized  by  tlie  casein.  Solutions  of  com- 
mon salt,  of  nitrate  of  potash,  and  of  muriate  of  ammonia,  likewise 
dissolve  casein  with  facility,  and  tlic&c  solutions,  wlieu  evaporated 
by  the  aid  of  heat,  become  covered  with  an  insolul>le  pellicle. 
Casein  ako  unites  witli  the  alkaline  earths  and  forms  compounds 
which  are  insoluble  in  water.  If  a  piece  of  poor  cheese,  which 
g^^,..;»4-^  princi]mlly  of  casein,  be  reduced  to  a  paste  with  water. 
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laurl   mixed  with  sliikeil  lime,  it  protli 


t'jnacious  lute,  which 
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uces 
set^  very  hard,  and  may  ne  used  tor  ceracuting  pieces  of  broken 
cartheuware.  In  cousequeiice  of  the  tendency  to  the  forniation  of 
these  iusohible  compootids^  a  sohitiou  of  casein  is  precipitated  by 
salts  of  lime  or  by  sulphate  of  magnesia,  upon  the  application  of  beat 
to  the  mixture ;  this  reaction  is  yery  characteristic  of  casein. 
Most  of  the  metallic  salts/sncbj  for  instance,  as  acetate  and  subace- 
tate  of  lead,  sulpliate  of  copper,  subnitrate  of  mercury,  and  corrosive 
sublimate,  occasion  precipitates  in  the  cold  with  solutions  of  casein. 

But  the  most  important  and  remarkable  form  muler  which  the 
coagtilation  of  casein  occurs,  is  that  wliich  is  produced  by  the 
secretion  from  the  raucous  membrane  of  the  stonmeh.  Advan- 
tage is  taken  of  this  iu  the  manufacture  of  cheese,  which  consists 
eaaeutially  of  the  coagulated  casein  of  milk.  The  coagulation  is 
effected  by  means  of  the  substance  called  rennet ^  which  consists  of 
the  inner  membrane  of  the  fourth  stomach  of  the  calf,  after  it  has 
been  salted  and  dried.  When  milk  is  maintained  tor  a  few  lioiu^s 
at  a  gentle  beat  in  contact  with  rennet  (or  with  an  infusion  of 
rennet  prepared  at  a  low  temperature),  the  casein  becomes  entirely 
coagruJated,  carrj-ing  with  it  the  fatty  matter*  which  were  held  in 
suspension  by  the  milk,  and  leaving  a  clear  straw -coloured  liquid 
known  as  whetf.  It  was  at  one  time  supposed  that  the  rennet 
acted  by  ctjnverting  the  sugar  of  milk  into  lactic  acid,  and 
that  the  lactic  acid  was  the  real  agent  iu  effecting  the 
coagulatioUj  but  this  view  is  no  longer  tenable,  for  it  appears 
that  this  coaguhition  occurs  equally  well  with  milk  which  has 
been  purposely  rendered  slightly  alkaline  (Selrai,  Hcintz),  and 
with  an  aqueous  solution  of  casein ;  the  action  of  rennet  is 
therefore  as  yet  unexplained.  The  coagulum,  or  curd  thus 
obtained,  when  submitted  to  strong  pressure,  forms  cheese. 
This  curd  is  dissolved  with  difhculty  by  alkaline  solutions.  New 
cheese  has  but  little  flavour ;  when  kept  for  some  time  the  fatty 
and  nitrogenous  snbstances  undergo  partial  decomposition,  and 
liberate  ammonia,  valeric  and  butyric  acids,  and  other  compounds 
which  impart  pungency  to  old  cheese. 

Casein  has  not  l>een  detected  with  certainty  anywhere  but  in 
the  milk  of  animals,  which  contains  it  in  very  variable  quau- 
tity,  the  amount  depending  greatly  upon  the  period  of  lactation  at 
which  the  milk  is  examined.  Its  amount  also  varies  greatly  iu 
the  nil  Ik  of  ditierent  species  of  animals.  In  the  human  female  it 
has  been  found  to  constitute  from  31  to  3^  parts  in  1000 ;  in  that 
of  the  cow,  from  30  to  41  ;  iu  that  of  the   dog,  from  80  to  146, 


and  in  that  of  the  ass^  from  19  to  23  parts  in  1000* 
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(1408}  Leffumm. — The  seeds  of  most  leguminous  plants,  as  well 
aa  the  sweet  atid  the  bitter  almond,  contain  a  substance  which  pre« 

seuts  a  close  analogy  in  properties  with  the  casein  of  milk.  Liebig 
indeed  considers  it  to  be  identical  with  this  substance^  but  the 
analyses  of  Dumas  and  Cahours  indicate  a  difference  in  composi^ 
tion  between  the  two  Ixxlies*  There  is  however  some  doubt 
whether  the  chemists  last  named  operated  upon  a  homogeneous 
substance. 

Legurain  is  usually  extracted  from  peas  or  from  almonds,  by 
digesting  the  pulp  of  the  crushed  seeds  in  warm  water  for  two  or 
three  hours.  The  undissolved  portion  is  strained  oS'  by  means  of 
linen,  and  the  turbid  liquid  is  allowed  to  deposit  the  starch  which 
it  holds  ill  suspension  ;  it  is  then  filtered  and  mixed  with  dilute 
acetic  acid.  A  white  floccuknt  precipilate  is  thus  formed,  which 
must  be  collected  on  a  filter  and  washcti*  It  is  then  dried,  pow- 
dered, and  digested  J  first  in  alcohol  and  afterwai'ds  in  ether.  In  this 
form  it  was  analysed  by  Dumas  and  Cahours.  Rochleder  however 
considers  that  it  is  not  perfectly  pure,  since  this  substance  is 
not  entirely  soluble  in  a  cold  concentrated  solution  of  potash,  which 
leaves  a  flocculent  matter.  The  alkaline  solution  may  be  decanted 
from  the  undissolved  flocculi,  antl  again  precipitated  by  the  addition 
of  acetic  acid.  The  legumin  thus  obtained  is  re^ai-ded  by  llocbleder 
as  pure. 

According  to  Dumas  and  Cahours,  Icgumin  is  precipitated  from 
its  coueentrutcd  solutions  in  pearly  fiocculi  by  the  addition  of 
acetic  acid.  It  is  redissolved  by  acetic  acid  in  excess,  and  by 
many  other  vegetable  acids ;  it  is  also  soluble  in  ammonia  and  in 
dilute  solutions  of  the  alkalies.  It  is  insoluble  in  lx>iling  water, 
and  in  cold  alcohol  and  ether.  Cold  water  dissolves  it  in  con^ 
siderable  quantity,  and  the  liquid,  when  heated  to  ebullition, 
deposits  it  in  fioeculi  rcst!mbliug  those  of  coagulated  albumen. 
The  aqueous  solution  of  legamiu  obtained  by  digesting  peas  in 
water  is  not  coagulated  by  heat,  according  to  Liebig,  but  on  eva- 
poration it  forms  insoluble  pellicles  resembling  those  yielded  by  solu- 
tions of  casein  Legumin  is  associated  in  the  seed  with  considerable 
quantities  of  the  phosphates  of  potasli,  of  lime,  and  of  magnesia. 
It  is  coagulated  by  rennet  like  the  casein  of  milk,  and  the  Chinese 
make  a  kind  of  cheese  from  peas  and  beans.  Dried  peas  contain 
about  one-fourth  of  their  weight  of  legumin. 

§  II,     Gelatioenous  Substances. 
(1409)  The  substances  contained  in  the  second  group  of  azotised 
bodies  have  hitherto  been  fuund  only  in  fmimals.     They  contain  a 
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smaller  amoimt  of  carbau  and  a  larger  quantity  of  nitrogen  than 
those  of  the  protein  group.  The  proportion  of  sulphur  is  also  con- 
siderably \es&.  The  gelatigenous  bodies  consist  of  two  prioeipal 
varieties  J  viz,,  tho^e  which  yield  gelafm,  and  those  which  yield 
ehondrin :  neither  gelatin  nor  choudrin  appears  to  exist  in  the 
soluble  form  in  the  animal  body,  but  it  is  in  all  cases  the  result  of 
the  prolonged  action  of  boiling  water  upon  the  gelatigenous  or 
chondn n-  pmd  uc  in  g  tissues, 

Aeeording  to  the  researches  of  Mulder,  of  Seherer,  of  Premy, 
and  of  other  chemists,  the  composition  of  gelatin  is  identical  with 
that  of  tlic  tissue  which  yields  it  by  boiling,  Chevrcul  found  that 
a  given  quantity  of  tendinous  matter  when  converted  into  gelatin 
by  boiliug  it  with  water  was  not  altered  iu  weight*  The  following 
table  exhibits  the  composition  of  gelatin^  chondriu,  and  some  geluti* 
genous  f  issues :— 


Fremy. 

Seherer. 

Bdcrolicm. 

Muldcf, 

Seherer, 

OelAliB. 

^ 

CarboQ.     . 
Hydrogen 
Nitrogen  , 
Sulphur     ♦ 
Oxygen     , 

BO'4 

1(5*9 

501 

18-7 
24' I 

50*40 

664 

1834 

24*62 

49'97 

1444 

o*3« 
28-58 

5P'5 
70 

W9 
> 

100*0 

IQOO 

100*00 

lOO'OO 

100*0      , 

V 


The  quantity  of  nitrogen  given  in  Fremy's  analysis  of  ossein  is 

probably  too  low,  for  the  same  chemi.?it  found  in  it  upon  another  occa- 
sion as  much  as  17-86  per  cent,  of  nitrogen.  Schlieper  has  show^n 
that  gelatin  and  the  geUitigcnous  tissues  contain  a  small  quantity  of 
sulphur,  amounting  in  isinglass  to  0*6  per  cent.  It  will  be  ob-* 
served  that  the  composition  of  chondrin  diffei's  from  that  of  gelatin 
in  containing  more  oxygen  and  less  nitrogen  j  whilst  the  per- 
centage of  eai'hon  and  of  hydrogen  is  the  same  in  both  substances* 

(1410)  Gelatin  is  an  azotised  principle  which  liitherto  has 
been  obtained  from  animal  suljstances  only.  Certain  structures 
(the  principal  of  which  are  the  white  fibrous  tissue,  the  cellular 
tissue^  the  skin,  the  serous  membranes,  and  the  organic  consti- 
tuent of  bone),  when  boiled  with  water,  yield  a  com|H>unfl,  which 
if  the  solution  contain  more  than  i  per  cent,  of  it,  causes  the  liquid 
to  gelatini^  on  coolings  hence  its  name  of  gelatin ;  this  substance 
does  not  appear  to  exist  iu  a  free  state,  but  is  developed  by  the 
action  of  boiling  water  upon  the  tissues  above  mentioued ;  its  solu- 
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tion,  when  evaporated  to  dryness,  leaves  a  browni&h^yeUow  trans 
parent  mass.  Imii/hss  which  is  prepared  frora  the  inner  membraii^ 
of  the  floatiiior  bladder  ot"  stur^reons  and  other  tithes,  when  boiled  with ' 
watefj  fui'nishes  gelatin  in  a  state  of  considerable  pnritjr.  Glue  is  a 
variety  of  gelatin  of  inferior  quality.  Size,  as  prepared  from  parch- 
ment, is  another  form  of  gelatin  which  is  met  with  in  commerce.   ^M 

Gelatin   softens  and  swells  np  in   cold  water,  but   is  not  disJ^I 
solved  until  the  liquid  is  warmed :  it  is  insoluble  in  alcohol  and 
in  ether.     It  may  be  precipitated  from  its  aqueous  solution  by  the 
addition  of  an  excess  of  alcohol,  when   it  falls  in  white  floceulij 
which   are   nearly   free  from   saline  compounds.      Its  solution 
without  taste  or  smell :    it  is  abundantly  precipitated  by  solutions" 
of  corrosive  sublimate,  and  of  bichloride  of  platinum,  as  weU   as 
by  the   infusion   of  galls.       The  compound   which  gelatin  forn 
with  tannic  acid   is   the   basis  of  leather ;  it  is  of  a  buff  colou 
and    is    formed  even   in  very  dilute   solutions.      Albumen  is  als 
precipitated   by  the  same   solutions,  but  gelatin   may  be   disti 
guished  from  albumen,  since  it  is  not  rendered  turbid  as  albumc 
isj  by  the  addition  of  lerrocyauide  of  potassium  to  its  solution  i| 
acetic  acid.    Salts  of  alumina,  of  lead,  of  copper,  and  of  ii'on,  do  nc 
produce  any  precipitates  in  a  solution  of  gelatin,  but  if  a  solution  of 
potash  be  added  to  the  mixture  of  gelatin  with  alum^  or  with  per- 
sidphate  of  iron,  the  subsulphate  of  alumina  or  of  iron  which  is 
formed  carries  down  a  large  proportion  of  gelatin.      In  a  dissolve^^ 
condition  gelatin  soon  becomes  acid  on  exposure  to  air,  and  the^| 
lodes  its  gelatinous  character.      Gelatin  is  capable  of  dissolving  a 
cousiderfible  quantity  of  phosphate  of  lime.    By  the  frequent  boilii] 
of  its  aqueous  solution,  gelatin  is  converted  into  an  isomeric  con 
pound  winch  does  not  possess  the  faculty  of  gelatinizing  as  the  liquid 
cools.      Cldorine  precipitates  gelatin  completely,  ftjrming  with  it  a 
peculiar  white  etasde  compound  which  appears  to  consist  of  gelatin 
in  combination  with  hypochlorous  acid  ;  this  compound  when  treated 
with  ammonia,  yields  nitrogeu^  muriate  of  ammonia,  and  unchange^^ 
gelatin.     Solutions  of  gelatin  arc  not  rendered  turbid  by  the  addi^| 
tion  of  acids.     Concentrated  mdphurie  acid  dis!!«olvcs  gelatin  without 
change  of  colour,  and  gradually  converts  it  into  glyeocine,  leucine, 
and    some   other    bodies.      Gerhardt    found    that   when   isinglass 
was  boiled  for  some  days  with  dilute  sulphuric  acid,  sulphate  f^H 
ammonia  was  formed,  and  a  considerable  quantity  of  a  sacchariii^^ 
lx>dy  which  was  susceptible  of  the  alcoholic  fermentation.      Nitric 
acid  produces  oxalic  acid  amongst  other  substances-  ^H 

A  solution  of  gelatin  to  which  the  alkalies  have  been  added  i^* 
amall  quantity  loses  its  faculty  of  gelatinizing,  but  the  liquid  ou 
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being  neutralized  gives  no  protein.  Gelatin  is  decomposed  by  strong 
alkaline  solutions;  at  a  boiling  temperature  ammonia  i»  evolved, 
and  leucine  and  glycocinc  arc  amongst  the  products. 

CuoNiiEiN  didcrs  from  gelatin  in  composition:  it  is  also  co* 
agixlated  by  the  vegetable  iiiids,  such  as  acetic  acid,  as  well  as  by 
alnm,  and  by  the  neutral  and  tlic  basic  acetates  of  lead,  none  of 
wliicli  yield  precipitates  with  gelatin.  Most  of  these  precipitates 
are  soluble  in  an  excess  of  the  precipitant. 

Cbondriu  is  obtained  by  boiHug  the  coruea  of  the  eye,  or  any 
of  the  permanent  cartilages,  with  water  for  some  hours ;  it  may 
also  be  obtained  from  the  primary  cartilages  prior  to  ossification. 
Its  solution  gelatinizes  on  cooling.  It  is  remarkable  that  when  a 
permanent  cartilage  becomes  ossified,  it  yields  not  cbondrin  but 
gelatin  by  boiling  with  water. 

Preparaiion  of  Glue  and  Size. 

(141 1)  The  preparation  of  gelatin  on  a  large  scale  givesrise  to 
a  branch  of  industry  of  considerable  importance,  viz.,  the  manufac- 
ture of  glue  and  size. 

The  strongest  gkic  is  obtained  from  the  parings  of  ox-hides, 
and  from  the  ears  and  refuse  trimmings  of  tliick  hides  in  general, 
which  yield  from  45  to  50  per  cent,  of  glue.  These  cbppings  are  first 
fltecped  for  some  days  in  lime  water,  to  remove  the  hair,  the  btood, 
and  other  impurities  j  tliey  are  then  washed  in  cold  water,  and  are 
placed  to  drain  uj>ou  a  sloping  pavement,  in  layers  of  two  or  three 
inches  thick,  and  are  tmiicd  over  once  or  twice  a  day  :  the  quicklime 
thus  absorbs  carljouic  acid  from  the  air^  and  becomes  converted 
iuto  chaJk ;  so  that  the  injurious  effects  of  lime  at  a  boding  heat 
upon  the  gelatin  are  prevented.  The  washed  clippings  are  next 
introduced  into  a  copper  furnished  witli  a  perforated  false  bottom 
irhich  is  filled  to  two-tliirds  of  its  capacity  with  rain  water; 
frequently  the  animal  matters  are  put  first  of  all  into  a  coarse  rope 
cloth,  aiul  the  whole  is  placed  in  the  cauldron,  a  precaution  which 
prevents  the  jxirtions  of  skin  when  they  begin  to  gelatinize  from 
adhering  to  the  bottom  and  sides  of  the  boder,  and  so  becoming 
hurtled  ;  fresh  portions  of  clippings  are  added  as  the  animal  matters 
gradually  s^iuk  down  into  the  liquid  which  is  kept  gently  lx>iling, 
A  still  better  method  consists  in  boiling  tlic  liquid  by  the  injectioti 
of  steam  under  moderate  pressui'e,  by  which  means  the  direct 
application  of  tire  to  the  Jioiler  is  avoided.  As  soon  as  a  portion 
of  the  liquid  sets  into  a  firm  jelly  on  cooling,  the  fire  is  cheeked, 
and  the  solution  is  allowetl  to  run  into  a  deep  ves.<el  or  seliUng 
back,  where  it  is  kept  warm  for  some  houi'i  to  allow  the  impuri- 
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ties  to  subside.    The  undissolved  matters  contained  in  the  cloth  arc 
iigaiu  boiled  irith  water,  and  yield  an  inferior  description  of  glue ; 
if  boiled  a  third  time  they  give  a  still  weaker  gelatinous  product  I 
size  t  the  refuse,  after  this  treatment,  may  still  be  advantageoi 
applied  as  manure. 

From  the  settling   back,  the  solution   is  transferred  to   k 
wooden  boxes  or  coolers,  in  which  it  gelatiuizes ;  when   sufficicnti 
solid  it  is  removed,  cut  into  blocks,  and  each  block  is  split   by  a 
wire   frame  into  slices.     Tlie  slices  of  moist   glue  are  then   laid 
upon  nets  placed  in  a  wooden  frame,  and  are  so  arranged  in  lofts  ^ 
to  allow  free  circulation  of  air.     These  cakes  of  glue  are  tu 
over  two  or  three  times  daily,  and  the  marks  \i  hieh  are  seen 
the  glue  exposed  for  sale,  are  those  left  by  the  threads  of  the  : 
This  operation  of  dr}  iug  is  the  most  delicate  part  of  the  manufac- 
ture, since  at  this  stage  much   of  the   suecess  of  the    operation 
depends  upon  the  state  of  tlie  weather.      A  sudden  rise  of  temper^^ 
ture  might  liquefy  the  whole  ;  the  occurrence  of  a  fog  might  ren^^f 
it  mouldy,  or  a  frost  might  split   all   the   cakes  into  fragmeowW 
Spring  aud  autumn  ai-e  found  to  be  the  most   favourable  sea£Ons 
for  the  manufaetui'e  of  glue.     After  the  drying  has  proceeded  to  a 
certain  extent  in  the  open  air,  the  process  may  advantageously  k^ 
shortened  by  tlie  use  of  artiilcial  heat  from  a  stove*  ^| 

When  glue  is  properly  made,  it  should  be  of  a  pale  brown 
colour,  hard,  brittle,  and  should  bi-eak  with  a  smooth,  glassy 
fracture.  Culd  water  docs  not  dissolve  glue,  but  merely  softens  it 
aud  causes  it  to  swell  up. 

She  is  a  less  tenacious  kind  of  glue,  and  is  chiefly  made 
parings  of  parchment,  and  of  the  thinner  kinds  of  skins.  It 
is  almost  entirely  used  in  the  gelatinous  condition,  so  that  the  pre- 
carious process  of  drying  is  dispensed  with.  Much  of  the  gelatin  at 
present  sold  iu  fine  shrerls  for  use  iu  confeetionajy  is  obtained 
from  clippings  of  hides,  which  are  boiled  with  water  till  they  form 
a  very  liquid  size,  which  is  allowed  to  become  clear  by  standingi 
and  is  then  dried  in  very  thin  sheets,  and  afterwards  cut  up  iuto 
shreds. 


;ns  itg 


Preparation  of  Leather. 


J 


(141 2)  The  hides  of  animals,  like  the  soft  parts  in  general,  arc 
prone  to  putrefaction  and  decomposition ^  if  kept  in  a  flexible  and 
moist  condition,  and  when  allowed  to  dry,  they  become  too  rigid 
and  brittle  to  allow  of  their  employment  for  a  number  of  pur- 
poses^ to  which  they  wouhl  otherwise  be  admirably  adapted. 
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The  operations  of  the  tanner  have  in  view  the  preservation  of 
the  hide  from  decay,  and  the  preparation  of  a  material  possessed 
of  the  requisite  suppleixessj  tenacity,  and  power  of  resisting  the 
action  of  raoisture* 

The  hides  of  different  animals  vary  very  much  in  thickness. 
The  hippopotamus  is  furnished  with  a  hide  which  is  in  some  parts 
Ijctween  one  and  two  inches  in  thicknesa,  whilst  the  leather  pro- 
duced from  the  skins  of  the  lamh  and  of  the  kid  does  not  eqnal 
ordinary  pasteboard  in  tliickness.    • 

The  thicker  kinds  of  leather  receive  the  general  name  of  hides  ; 
and  the  strongest  part  of  these  hides  which  cover  the  hack  of  the 
animal,  constitute  the  butts.  Ox-hides,  the  most  valuable  of  which 
are  those  imported  from  the  plains  of  South  America,  and  from  the 
Cape  of  Good  Hope,  yield  the  principal  portion  of  this  leather, 
which  is  largely  consumed  for  the  soles  of  lx)0t8  and  shoes ;  for 
hai*ness,  and  for  articles  requiring  ranch  strength  and  durability. 
The  upper  leathers  of  boots  and  shoes  are  chicHy  made  of  calves' 
and  seals'  skins ;  whilst  for  hook -binding,  for  aprons,  and  for  or- 
dinary dyed  Icatliers,  the  leather  furnished  by  sheep  skins  con- 
stitutes the  material  principally  used. 

The  skin  of  most  animals  is  highly  elastic ;  it  consists  of 
two  portions  which  are  quite  distinct  in  chemical  composition  ; 
an  outer  thin  supcrtieial  layer,  the  epidermis^  whieli  dips  down 
and  lines  the  tulies  containing  the  roots  of  the  hair,  aud  whicli 
rises  in  blisters  after  a  scald.  This  is  composed  of  a  pellicle 
which  rei^embles  horny  matter  in  composition ;  it  is  stained 
yellow  permanently  by  the  action  of  concentrated  nitric  acid : 
beneath  this  is  the  cellular  layer,  termed  the  rete  mucosum,  in 
which  the  colouring  matter  rc.^des,  but  which  is  now  generally 
regarded  as  a  less  compact  portion  of  the  epidermis.*  and  below 
this  is  the  thick  sensitive  va^scular  integument  or  dermh,  which 
cjonstitutes  the  true  skin,  When  the  dermis  is  Iwiled  with  water 
for  some  hours,  it  becomes  dissolved,  leaving  the  vascular  parts, 
which  can  be  removed  by  straining  through  linen  or  flannel ; 
the  clear  liquid  is  nearly  colourless;  it  gelatinizes  on  cooling, 
and  consists  mainly  of  gelatin.  It  gives  with  tiucture  of  galls  the 
well-known  insoluble  precipitate,  by  which  such  solutions  are 
characterized. 

Excepting  in  those  cased  where  it  is  desired  to  presence  the 
hair,  as  in  the  different  species  of  furs,  the  preliminary  steps  in 
the  preparation  of  all  skins  are  pretty  much  the  same,  whatever 
the  use  to  which  the  leather  is  applied,  but  greater  care  is  requisite 
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the  beam,  and  upon  i\m,  with  a  two-bancVled  koifc,  the  hide  is 
scraped  on  the  hair  side  to  remove  the  epidermis  and  hair. 
By  this  operation  the  upper  surface  of  the  cuticle  marked  by 
the  insertions  of  the  hair  is  exposed ;  it  is  of  a  denser  struc- 
ture than  the  layers  of  cuticle  below,  and  it  forms  what  ia 
called  the  ffrain  of  the  skin ;  gi*eat  cai'e  is  taken  not  to  iiijiu'e 
this  grain,  as  such  injury  impairs  the  qiiahty  of  the  leatbcrj 
and  much  reduces  its  value.  The  hair  having  been  removed^  the 
hide  is  once  more  rinsed  and  scraped  upon  tlie  beam,  on  the  flesh 
Bide,  to  remove  any  in*cgularitics,  and  adhering  loose  cellular 
tissue* 

The  cleansed  hide  is  then  immci^scd  for  twelve  hours  in  a  bath 
of  weak  sulphuric  acid  and  water  (i  part  of  acid  and  looo  of 
water),  which  *  raises*  the  skin,  that  is  to  say,  makes  it  swell,  opens 
its  pores,  removes  adhering  lime,  and  fits  it  for  the  actual  opera- 
tion of  tanning.  Care  must  be  taken  to  avoid  an  excess  of  sul- 
phuric acid,  aa  it  is  liable  to  injure  the  texture  of  the  hide.  The  re- 
moval of  lime  from  the  skin  is  a  process  of  great  importance,  since, 
owiug  to  the  circumstance  of  the  astringent  matter  being  of  an  acid 
cbaracter,  it  would  combine  with  the  lime,  instead  of  witii  the 
grlatiu,  and  would  form  a  bjirsb,  insoluble  compound  withiu  the 
pores  of  the  skin^  which  would  impair  the  suppleness  of  the 
leather, 

{1413)  I.  Tanning. — T^p  to  this  point  the  preparation  of  the 
skin  is  very  similar  for  each  kind  of  leather;  when  the  process 
of  tanning  is  to  he  jjcrformcd,  it  is  conducted  in  the  manner  now 
to  be  described. 

The  process  of  tanning  is  a  very  slow  one.  A  weak  infusion 
of  bark,  called  ooze,  is  first  prepared  and  pumped  off  iuto  rectan- 
gular pits,  six  or  eight  feet  deep,  sunk  iu  the  earthy  and  lined  with 
wooden  planking;  into  these  the  hides  are  introduced,  one  by  one, 
in  an  extended  state*  These  pits  of  weak  ooze  are  termed  handlers, 
from  the  circumstance  that  the  hides  are  for  some  weeks  daily 
transferred  from  one  pit  to  anotherj  into  oozes  of  gradually  in- 
creasing strength :  in  about  six  weeks  they  are  ready  for  the  pita 
termed  lai/ers*  In  these  pits  the  partially  tanned  hides  are  placed, 
each  bide  lieing  separated  from  the  one  above  and  the  one  below 
it  by  a  layer  of  coarsely  ground  oak  bark ;  the  pits  are  then  filled 
up  with  water.  Here  the  hides  remain  for  about  three  mouths,  and 
are  then  transferred  to  another  pit,  and  similarly  treated ;  but  the 
hides  which  before  were  uppermost^  and  consequently  in  tha 
weakest  part  of  the  infusion,  now  are  undermost,  and  in  the 
strongest  part.     Sometimes  the  hides  require  to  be  passed  a  third 
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and  placed  nearly  vertically,  the  object  of  this  operation  being  to 
equalize  the  thickness  of  the  skin  in  its  different  parts.  It  is 
then  thrown  into  water  and  worked  wliilc  moist  upon  a  flat  stone 
table  with  the  ficsh-sidc  do w^u wards.  It  is  thus  uniformly  thinned 
out  and  stretched.  Here  it  is  next  stuffed  ot  duhbeil^  that  is  to  say, 
it  is  thoroughly  impregnated  with  a  mixture  of  eoai-t^e  fish  oil  and 
tallow,  after  which  it  is  hnng  up  in  a  loft  to  dry  and  allow  the  oil 
comj>letely  to  penetrate  the  leather  and  take  the  place  of  the  water. 

When  dr}%  the  skin  is  rendered  supple  and  'grained^  by  ndjbiug 
it  first  on  the  flesh  side,  after  folding  the  grain  side  inwards,  with 
a  grooved  ball  of  box- wood  5  the  operation  is  then  repeated  on  the 
grain  side.  In  this  state^  after  another  sera  ping  on  the  flesh  side 
or  whkcnifif/  it  is  ready  to  be  stored  away.  Previous  to  sale, 
however,  another  process,  technically  termed  waxing ^  is  performed. 
This  cons^ists  merely  in  rubbiog  in  upon  the  flesh  side,  a  mixture 
of  lampblack  and  oil,  with  a  hard  brush.  A  coat  of  tallow  and 
size  is  then  rubbed  over  this  with  a  sponge ;  it  is  polished  with  a 
ball  of  glass,  and  a  final  coat  of  thin  size  completes  the  operations 
of  the  currier.  For  ladies'  shoes  the  skin  is  blackened  on  the 
grain  side,  which  is  easily  efleeted  by  rubbing  it  over  with  a 
solution  of  sulphate  of  iron;  the  astritigent  matter  of  the  leather 
immediately  strikes  a  deep  inky  black  with  the  copperas;  a  weak 
alkaline  liquid  is  brushed  over  the  whole,  the  skin  is  allowed  to  dry, 
it  is  then  grained,  and  finished  off  with  a  coat  of  oil  and  tallow. 

(1414)  2.  Morocco  Leather. — ^The  thin  kinds  of  leather  which  are 
dyed  and  used  for  ornamental  purposes,  a^s  for  coach  linings,  chair- 
covers,  book-binding,  &c.,  arc  tanned  differently,  but  niueh  more 
expeditiously  than  hides.  The  finest  kind  of  tins  leather  is  made  from 
the  skin  of  the  Barbary  goat,  and  hence  the  term  Morocco  leather  as 
commonly  applied  to  it.  lu  the  preparation  of  these  skins  the  wool  or 
hair  is  removed  in  the  usual  way,  and  the  lime  is  then  Avorked  out 
by  a  process  termed  abating.  In  this  operation  the  skins  are 
put  into  a  weak  solution  of  an  ammoniaeal  salt  (dog's  dung  being 
the  material  preferred);  the  lime  forms  a  soluble  compound  with 
the  acid  of  the  salt,  setting  ammonia  at  liberty ;  this  softens  the  skin^ 
and  at  length  renders  it  so  porous  that  when  a  portion  of  air  is 
included  in  a  fold  of  the  skin  the  air  may  be  squeezed  through  it. 
The  skin  is  next  cleansed  on  the  beam,  and  is  sewed  np  in  the  form 
of  a  bag,  the  grain  side  outwards,  and  is  ready  for  the  sumaching 
or  tanning,  which  is  accuinpUshed  in  about  twenty-four  hours.  A 
weak  aiul  warm  infusion  of  sumach  is  prepared  in  a  large  tul>, 
a  portion  of  sumach  leaves  and  of  a  stronger   infusion  is  poured 
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into  the  bag  formed  by  sewing  up  the  skin,  and  this,  when 
tended  with  air,  is  tied  np  and  thrown  into  the  vat,  where 
floating  bags   are  kept  in  constant    motion  for  some   hours,  a 
which  they  are  piled  up  on  a  sloping  aliclf  on  the  side  of  the  ti 
where,  by  mutual  pressure,  a  jwrtiun  of  the  tanning  solution 
forced  througli  the  pores  of  the  skin*      The  operation  is  repeal 
with    a   stronger   infusion   of  sumach  ;   after  which  the  skins 
cut  open,  waished,  dried,  and  subsequently  dyed.      In  the  opej 
tion  of  dyeing  the   desh  gidcs  of  two  of  tlie  moistened  skins 
placed  in  contact,  and  are  made  to  adhere  by  striking  them  01 
and  scraping  them  on  a  hat  table,  and  the  dye-stuff  is  then  applied 
each  skin  in  succession,  by  which  means  it  is  limited  to  the  grain  side? 
A  light  blue  colour  may  be  given  to  the  skin  by  the  use  of  a  mixture 
of  ferrocyanide  of  potassium  and  nitrate  of  iron ;  a  green  by  a  coi 
bill  at  ion  of  the  barberry  with  indigo  ;  a  ittaroon  by  a  mixture 
arcliil   and   ammonia   with   indigo ;    a  scarlet    by   the    action 
cochineal,  alum,  and  carbonate  of  potash ;  and  a  rich  pttrple,  kno 
as  roi/al  purple^  by  means  of  indigo   faced  with  cochineal. 
morocco  is  usually  dyed  before  it  is  tanned  with  sumach* 

(1415)  3.  Tawinff.~T\m  thin  and  delicate  skins  which  arc  e 
ployed  in  the  nianufiiclure  of  *  kid  gloves'  are  subjected  to  a  differ^ 
and  more  careful  process  than  that  above  described  :  after  they  ha^ 
been  washed  to  free  them  from  blood,  and  from  the  salt  employed 
to  preserve  them  from  putrefactiou,  they  arc  anointed  on  the  ilesl^H 
side  with  creatn  of  lime,  and  left  for  a  few  days;  after  which  the^| 
are  washed,  and  the  hair  is  plucked  off*      They  are  then  soaked  in 
lime  water  for  a  fortnight  or  three  weeks,  at  the  expiration  of  whicl^H 
time  they  are  carefully  smoothed  with  a  whetstone  upon  a  beaid^l 
The  lime  is  next  i^moved  by  soaking  the  skins  in  a  mixture  of  bran 
and  water,  which  has  been  allowed  to  become  sour  j  the  lactic  aci^H 
w^liich  it  contains  forms  a  soluble  salt  with  the  lime,  and  at  the  sam|| 
time  swells  the  skin  and  opens  its  pores,  reducing  it  to  the  form  of 
a  thin  white  extensible  membrane,  technically  termed  a  pelt, 
this  condition   it   is  ready  fur  the  operation  of  tawing,  or  passing 
through   the   whiie  hath.     Tawing,  in  fact,  consists  in  preparing 
the  skin  with  a  solution  of  chloride  of  aluminum,  and  subsequently 
working  in  a  quantity  of  oily  and  farinaceous  matter,  , 

Thii*  white  bath  is  composed  of  a  mixture  of  alum  and  comnroi^^ 
salt,    dissolved   in  water  in  the  proportion  of  12  gallons  of  watef^ 
to  every  too  skins,  and   from  12  to  i8lb,  of  alum   and  24  to  3lb, 
of  salt :  after  the  skins  have  been  introduced  into  the  mixture  the 
temperature  is  gradually  raised  nearly  to  boiling*    Wlien  the  skins 
have  been  soaked  for  some  time  in  the  bath,  they  are  thoroughly 
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kneaded  togettier  by  placing  them  in  a  revohnng  dmm,  by  wliich 
means  the  liquor  is  well  incorporated  witli  them.  They  are  next 
washed,  first  with  water,  then  witli  a  mixture  of  bran  and  water,  and 
are  dried,  after  w4uch  they  are  worked  with  the  paste*  In  preparing 
this  paste,  about  3  gallons  of  the  alum  liquor  are  mixed  with  13 
or  141b.  of  wheat  flour  and  the  yolks  of  50  eggs,  and  in  this  bath 
the  skins  are  worked  separately,  and  allowed  to  remain  for  24  hours  : 
at  the  end  of  that  time  they  are  kneaded  together  by  the  action  of 
the  revolving  drum;  they  are  again  dried;  they  arc  next  dipped 
in  water  for  a  few  minutes,  and  staked  or  stretched,  and  are  worked 
upon  the  hoard  with  a  softening  ii'on,  by  which  means  they  are 
greatly  extended  in  all  directions ;  after  which  they  are  stretched 
ni>on  frames  to  prevent  tliem  from  sluiuking  during  the  drying. 
When  dry  they  are  tinted,  if  necessary,  with  a  mixture  of  whiten- 
ing and  ochre,  and  are  finally  polished  and  ironed. 

(1416)  4.  ShamQijing. — The  operation  of  shamoying  consists  in 
working  into  the  skin  a  quantity  of  oil,  whicli  supplies  the  place 
of  the  vegetidde  astringent,  or  of  the  chloride  of  aluminum,  in  the 
processes  of  tanning  and  tawing.  In  preparing  the  skin  for  sha- 
moying,  the  operations  of  nn hairing,  and  of  raising,  are  the  same 
as  in  orrlinary  tanning  :  a  large  proportion  of  shamoyed  leather 
forms  what  is  known  as  wiah-haiher.  This  is  made  from 
sheepskins,  which  are  split  for  the  purpose,  by  means  of  a  machine 
contrived  with  this  view  :  the  grain  side  of  the  skin  is  used  in  the 
preparation  of  hat  Imings,  and  for  other  purposes  where  but  little 
tenacity  is  requisite,  whilst  the  flesh  side  is  converted  into  wash- 
leather.  After  the  skins  have  been  soaked  in  bran  and  water, 
they  are  spread  out  upon  a  table,  and  lightly  sprinkled  with  oil; 
they  are  then  folded  into  balls,  each  containing  4  skins,  and  are 
beaten  for  two  or  three  liours  in  the  fulling  stocks,  with  heavy 
M:ooden  hammers  faced  with  copper;  after  this  they  are  opened 
out,  again  sprinkled  with  oil,  and  a  second  time  passed  through 
the  fulling  stocks,  until  they  cease  to  ajjpear  greasy.  They  are 
next  Imng  up  in  a  warm  room,  where  the  oil  absorbs  oxygen ;  and 
this  oiling  and  ventilation  is  repeated  two  or  three  times  :  the 
ftkins  are  then  scraped,  and  scoured  with  a  weak  alkaline  ley  which 
sai>onifics  the  excess  of  the  oil.  Afterwards  they  are  washed 
with  water,  dried  at  a  gentle  heat,  and  then  smoothed  and  rolled. 
The  thicker  leather,  known  as  buckskin^  is  prepared  in  a  similar 
manner^  but  the  skin  used  is  not  split,  the  grain  being  removed  by 
means  of  a  knife^  which  raises  a  sort  of  nap  upon  the  gurfacej  but 
does  not  cut  the  leather. 

X  X  2 


ere 


CUEMICAL    PROPERTIES 


CHAPTER  XIL 

OF    SOME    OP    THE 
ANIMAL   ORIGIN. 


SOLIDS   AND    FLUIDS    OF 


§  I.  Solid  Comiiiv£ni9  of  Anhnah. 

(1417)  The  solid  constituents  of  tlie  aoimal  body  differ  very 
matenaliy  from  those  of  vegetables.  Tlie  bony  framework  of 
the  animal  syatcm  contains  a  large  proportion  of  inoi^auic  insolu- 
ble salts ;  and  the  diftcrcnt  tissues,  into  the  composition  of  m« 
of  wliich  nitrogen  enters,  vary  widely  from  each  other  in  che* 
nncal  ]>roperties.  It  must  not,  however,  he  supposed  that  any 
organ  of  the  body  consists  of  any  chemical  compound  in  a  »tai 
even  approaching  to  purity.  The  complex  structure  of  these 
organs,  consisting  as  they  do  of  vascular,  nervous,  and  cellular 
components,  independently  of  the  peculiar  and  proper  substance 
of  the  organ  itself,  forbids  the  possibility  of  any  fuch  simple 
character  in  its  chemical  constitution,  although  one  or  two  proxi- 
mate principles  may  give  to  it  the  distinctive  features  which  it 
offers  to  the  chemist.  The  bones,  the  ligaments,  tlie  muscles,  and 
the  nerves  J  thus  exhibit  unmistak  cable  differences  in  chemic-al  pro- 
perties, owing  to  the  predominance  in  each  of  certain  proximate 
animal  principles. 

It  wiil  be  useful,  to  consider  briefly  the  chief  chemical  cha* 
ractcristics  of  some  of  the  most  extensively  diffused  of  these 
tissues, 

(1418)  The  Bones  present  the  same  general  properties  throughout 
Hie  higher  classes  of  vertebrate  animals.  When  dried  at  212°,  till 
they  cease  to  lose  weight,  they  arc  found  to  consist  of  about  one- 
third  of  tlicir  weight  of  organic  aiatter ;  the  remaining  two- thirds 
being  composed  principally  of  phosphate  and  carbonate  of  limej 
and  phosphate  of  magnesia.  These  facts  may  be  readily  verified 
if  a  bone,  freed  from  fat  and  periosteum,  be  susj>ended  in  a  vessel' 
containing  hydrochloric  acid  diluted  with  6  or  8  parts  of  water, 
an  cffcrvcacence  will  be  seen  to  occur  over  the  whole  surface  of 
the  bone,  owing  to  the  decomposition  of  the  carbonate  of  lime; 
in  the  course  of  three  or  four  days  the  salts  will  have  been  dissolved 
out,  and  the  remainder,  which  still  retains  the  shape  of  the  bone, 
will  be  found,  after  soaking  in  distilled  water  repeatedly  renewed, 
to  consist  of  the  animal  matter,  or  ossein  only.  Its  rigidity  will 
have  disap|icared,  and  it  will  have  Ijecome  })erfectly  flexible;  but 
if  it  be  dried,  it  will  assume  a  scniitransparent  appearanccj 
resembling  that  of  horn.     When  boiled  for  a  few  how^  in  water. 
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it  will  be  j^'adiially  ilissolvcd,  witli  the  exception  of  a  little  fid  autl 
a  few  vascular  and  fibrous  shreds,  and  the  solution  will  gelatinize  on 
cooling,  forrainpf  a  weak  glue  or  size.  The  solution  thus  obtained 
is  indeed  nearly  pore  gelatin,  and  like  this*  substance,  is  precipitated 
copiously  by  tannic  acid  and  by  infusion  of  galls. 

The  acid  solution  when  neutralized  by  ammonia  deposits  tbe 
earthy  phosphates,  wliieh  may  be  separated  by  filtratiou,  and  on 
adding  to  the  clear  liquid  a  solution  of  oxalate  of  ammonia  the 
lime  whieli  was  contained  as  carbonate  in  the  bone  is  precipitated. 

Bones  may  be  boiled  for  many  bours  in  water  without  under- 
going any  further  change  than  the  separation  of  a  quantity  of 
grease,  which  rises  to  the  surface  of  the  liquid;  but  if  placed  with 
water  in  a  Papin's  digester  and  exposed  to  a  teniperaturc  of 
about  300°  the  gelatin  is  dissolved  aud  the  earthy  matters  arc  left, 
and  subside  in  a  disintegrated  form. 

When  bones  are  distilled  in  close  vessels  at  a  gradually 
increasing  temperature,  a  large  quantity  of  foetid^  volatile^  and 
tariy  matters  pass  over,  accompanied  by  a  large  proportion  of  car- 
bonate of  ammonia,  and  some  other  volatile  alkalies  formed  on  the 
type  of  ammonia.  Tlie  residue  in  tbe  retort  constitutes  animal  char- 
coal, and  contains  the  phosphate  of  lime  wdth  a  quantity  of  carbon 
diffused  through  it  in  a  very  finely  divided  state.  Tlie  saliue 
components  of  the  boue  may  be  obtained  in  an  isolated  form  by 
calcining  bones  for  some  hours  in  an  open  fire,  wlien  a  white  ash 
is  left.  The  composition  of  bones  differs  slightly  at  different  ages, 
and  even  in  different  parts  of  the  body  of  the  same  animal.  The 
Teeth  are  similar  in  composition  to  tbe  bones,  but  the  portion  which 
projects  above  the  gums  is  encased  with  a  compact  hard  crust, 
known  as  the  enamel ^  and  which  contains  but  a  very  small  pro- 
portion of  animal  matter  :■ — 
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Composition  of  Bones,  S^c. 

Heiat^. 

* 

Berxeliua. 

Oi. 

Femur* 

Bha«p. 

Man.      ^ 

flui 
Tooth. 

IMD. 

SnaiDd. 

Aaimal  matter    . 
Phonpliato  of  lime 
Fluoride  of  ealcium 
Carbonate  of  lime 
Phojiph.  of  mugrie^ik 
Other  aalta  .   '.     . 

30-58 

57'57 

"5*99 
2*07 

2<5'54 

693 
r5« 

3111 

S9'M 

333 

632 

V20 

10 

r4 

20 

88^5 

8-0 
1*5 

The  bones  of  fishes  contain  a  smaller  proportion  of  phosphate  of 
lime  than  is  found  iu  those  of  the  higher  orders  of  vertebrata.    The 
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ivory  much  resembles  tliat  of  bone ;  but  borny  matter  in  general," 
whctber  in  the  shape  of  cow-horiij  tortoisc-sbcll,  wliale-bone,  the 
claws  of  beasts  of  prey,  or  the  nails  of  tbc  fingers  and  toes,  the  scales 
of  dshes,  the  feathers  of  birds,  or  the  wool  and  Iniir  of  auiaials  gene- 
rally, is  of  a  different  composition ^  it  contains  but  little  saline  matter, 
not  eKceediijg  Z  or  3  per  cent.,  and  does  not  fnrnish  gelatin  when 
boiled  with  water  at  high  temperatures  nnder  pressure.  It  becomes 
soft  on  the  application  of  heat ;  a  circumstance  which  is  turned  to 
account  in  the  manufacture  of  common  articles  in  hora^  so  that 
tliey  can  thus  be  moulded  in  some  mca:?sure  to  the  desired  form. 
Horn  is  gradually  and  with  difficulty  dissolved  by  alkaline  solutions, 
to  which  it  yields  up  a  portion  of  sulphur;  and  on  neutralizing  th 
solution  with  an  acid,  a  precipitate  is  formed  which  resembles  that 
obtained  from  the  aibumiuoid  compounds :  this  precipitate,  how- 
ever, presents  properties  which  are  sligbtly  different  according  to 
the  nature  of  the  source  from  which  it  is  derived.  Horny  matter 
is  intermediate  in  compositiou  between  the  albuminoid  and  gela- 
tigenous  components  of  the  body.  It  contains  less  carbon  and 
more  nitrogen  and  sulphur  than  the  protcic  compounds.  The 
following  table  gives  the  composition  of  some  of  the  different 
varieties  of  these  bodies  : — 


Sciher^.                                  Fretny. 

\Tool}. 

Wool. 

Turtle 

WTudc- 
boae. 

Carbon 
Hydrogen 
Ntlrogea  . 
Sidpliiir    . 

51^04 

<5'8o 

1733 
\  34-94 

6-61 
3484 

7-03 
17-71 

34'6l 

5343 
7-21 

17*90 

33H7 

164 

a*o 

207 

36  3 

1 

Mtilder. 

-L 

Crookewnt. 
Sponge. 

Schmidt 

Cbitin. 

Horn 
(WW), 

Hoof 
(hotm). 

FibroiD 
(•ilk). 

Carbon     . 
Hydrogen 

.Sulphur   , 
Oxygen,  J^. 

«7-3 
333 

500 

6-8 
i6-3 

34 
^3^ 

50*4 

70 

167 

23'9 

4^-61 
6-50 

t7*34 

\  37*55 

4651 

1615 

050 

3053 

4664 

6-56 ! 
40' 20 

Scherer's  analyses  (Liebig's  AnnaL  xl.  i)  are  calculated  with 
the  {dd  equivalent  of  carbon,  6' 115, 

From  the  foregoing  table  it  wnll  l>e  seen  that  horny  matter 
differs  little  from  gelatin  in  ultimate  compoiiitionj  but  in  its  reac- 
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solution  of  potash^  then  with  alcoliol,  witli  ^vater,  and  with  ether. 
Pure  ehitin  is  a  white  substance,  wliicli  retains  the  form  of  the  tex- 
ture from  which  it  18  obtaiocd.  It  is  soluble  in  concentrated  nitric 
and  hydroehlorie  acids  without  eolnurin|]^  them,  and  after  neutral- 
izing these  solutions  with  ammonia,  it  yiekla  a  precipitate  with 
infusion  of  galls.  Oil  of  vitriol  gradually  dissolves  it,  and  slowly 
lets  fall  a  black  precipitate,  whikt  acetic  acid  and  acetate  of  am- 
monia remain  in  solution*  Wlicn  distilled  it  also  yields  acetic 
acid  and  acetate  of  ammonia  ;  boiling  concentrated  solution  of  potash 
does  not  aifeet  it.  This  substance,  if  it  be  azotised,  is  certainly  one  of 
the  feim]jlest  forms  of  the  uitrogenized  plastic  materirds.  It  presents 
some  points  of  analogy  with  vegetable  fibre^  particularly  in  the 
production  of  acetic  acid  by  its  decomposition,  Fremy  denies  the 
existence  of  nitrogen  in  ehitin,  and  assigns  to  it  a  composition 
which  would  make  it  isomeric  with  cellulose,  though  it  docs  not 
yield  similar  products  when  treated  with  acids ;  but  the  analyses 
of  Lehmann  exactly  coincide  with  those  of  Schmidt. 

(1421)  Cartilage. — The  articular  extremities  of  the  bones  are 
encrnsted  with  a  white  elastic  opaque  liorny  substance  wliich  con- 
tains but  little  saline  admixture  (from  3  to  6  per  cent,  of  salts), 
and  which  by  long  boiling  is  gradually  dissolved,  forming  a  litpiid 
winch  on  cooling  furnishes  a  tremulous  jelly.  The  transparent 
cornea,  the  rings  of  the  traeliea,  the  elastic  parts  of  the  ears,  nose, 
and  eyelids,  and  the  flexible  prolongations  of  the  ribs  are  also  com- 
posed  of  the  same  material ;  this  substance,  however,  is  not  true 
gelatin,  but  the  modification  of  it  termed  chondrin  {1410). 

White  Jibrous  Hs^ie,  and  the  material  of  which  the  tendons,  liga- 
ments, and  inelastic  tendinous  expansions  are  composed^  consist  of 
a  substance  which  by  continued  boiling  is  almost  completely  dissolvedj 
and  a  solution  of  gelatin  is  formed,  which  gelatinizes  on  cooling. 
YeUow  Jii/rotis  iis.me  has  a  dift'erent  composition  :  it  is  insoluble  in 
boiling  water,  and  in  weak  acids  and  alkalies,  but  is  readily  soluble 
in  hot  concentrated  sulphuric  acid,  and  in  a  strong  solution  of  potash, 
it  resists  putrefaction  for  along  time,  and  possesses  great  elasticity. 
Nitric  acid  forms  a  yellow  com|Joiind  with  it.  The  yellow  fibrous 
tissue  is  an  advantageous  source  of  leucine  when  digested  with 
sulphuric  acid  which  has  been  diluted  with  1  j  parts  of  water. 

(1422)  Mu^cufar  tissue  consists  principally  of  fibrin  in  a  coagu- 
lated form,  but  being  Iiigldy  vascular,  ami  containing  nearly  three- 
fourths  of  its  weight  of  water,  it  is  permeated  w*ith  a  fluid  consist- 
ing partly   of  bloud  and  partly  of  substances  secreted   from    it, 
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{1424I  Inoa'tte  or  Mmch  Stt^ar,  (Ci^Miz^Hf  4  Aq.) — This  inte- 
resting body  was  discovered  by  Selicrer  in  the  Juice  of  tbe  tlesh. 
It  may  be  obtained  by  the  foUovying  process  :— After  separating  the 
kreatine  by  crystallization,  the  baryta  is  removed  by  the  cantioua 
addition  of  sulphuric  acid  so  long  as  it  occasions  a  precipitate. 
The  liquid  is  then  filtered,  and  the  free  lactic  acid  separated  by 
repeatedly  washing  with  ether.  Alcohol  is  added  to  separate  tlie 
salts ;  and  by  gradualJy  increasing  tbe  quantity  of  alcohol^  small 
crystalSj  resembling  those  of  gypsura,  are  formed;  these  crystals 
consist  of  inosite.  They  must  be  redissolved  in  water,  and  recrys- 
tallizcd. 

Inosite  forms  colourlcssj  efflorescent  prisma,  which  lo&e  nearly 
1 7  per  cent.,  or  4  equivalents,  of  water  at  a  temperature  !>elow  2 1 1'^, 
The  residue  has  then  the  composition  of  grape  sugar  wiiich  ha>i  beeu 
dried  at  ar2^  At  410''  F.  tbe  dry  mass  melts  to  a  colourless  liquid, 
which,  on  cooling  quickly,  sets  into  a  crystalline  mass.  It  has  a  sweet 
taste,  and  is  freely  soluble  in  water,  less  so  in  rectified  spirit,  and 
is  insoluble  in  absolute  alcohol  and  in  ether.  Dilute  acids  and 
alkahes,  even  when  boiled  with  it,  produce  no  change.  A  solution 
of  inosite,  to  which  caustic  potash  has  been  added,  dissolves  by-. 
drated  oxide  of  copper  with  a  blue  cohjur,  but  does  not  reduce  it 
to  suboxide  when  the  liquid  is  boiled.  The  solution  of  inosite 
givers  a  white  precipitate  when  mixed  with  one  of  basic  acetate  of 
lead.  Ino^^ite  is  not  susceptible  of  the  vinous  fermentation,  but 
with  chalk  and  cheese  it  yields  lactic  and  butyric  acids, 

(1425)  Chemical  Ejfifcts  of  Cooking  upon  Food. — A  considera- 
tion of  the  chemical  constituents  of  muscular  tissue  enables  us 
readily  to  understand  the  principal  changes  produced  in  the  cooking 
of  meat.  The  common  processes  of  cooking  have  been  very  clearly 
explained  by  Licbig. 

The  operation  of  romiiffg  consists  in  the  gradnal  coagulation  of 
the  albumen,  m  the  heat  penetrates  from  the  surface  towards  the 
interior :  those  parts  which  are  nearest  tbe  centre,  unless  the 
roasting  be  continued  for  a  sufficient  length  of  time,  do  not 
become  hot  enough  to  allow  the  albumen  to  coagulate ;  hence  they 
appear  red,  juicy,  and  underdoue  as  it  is  called ;  the  superficial 
portions  become  brown,  and  partially  altered  in  composition,  but 
the  greater  part  of  the  sapid  and  saline  constituents  of  the  juices 
contained  in  the  meat  are  retained,  although  a  certain  proportiou 
exudes,  and  a  part  of  the  fat  is  melted  off,  and  collects  below,  as 
dripping. 

In  boiling  meat  the  result  is  somewhat  diifercnt :  when  the  flesh 
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fitde  ookmrJI 

in  the 

of  nw    beer 

it  vevj  forijr  and  nix  it  vith  14  mimei  of  cold 

wm$itr,  to  whidi  4  dftips  of  hjdfOtMotie  acid  mud  from 

sS  gram*  of  mlt  hmre  been  added ;  figcst  fiir  an  hoar,  and 

out  tht  meat  opcm  a  hair  Mre ;  wmdi  the  re^oe  upon  the 

!  with  5  oBQeei  of  di^illed  waiter.     In  thk  vav  about  a  pint  of 

exlnd  of  meat  ia  obtaiiied^  which  mmj  be  taken  cold,  or  if 

it  moat  not  be  heated  abote  120'  F.     The  whole  of  the 

nilMUyd  albumen,  one  of  the  moat  nntritire  oonstitaeuts  of 

^  riH^at,  ia  thua    extracted    and  administered    to  the    invalid ; 

-cfeat,  if  the  broth  be  boiled,  the  albumen  becomes  coagulated, 

.  i  ia  skimmed  oft  and  waated. 
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The  midissolved  fibrin  when  washed  oucc  or  twice  beeoraea 
hard  and  insipid,  and  is  difhcidt  of  digestion.  The  dark  colour  of 
soup  contributes  scarcely  anything  to  its  flavour,  but  custoni  leads 
us  to  associate  the  idea  of  strength  and  flavour  with  its  appear- 
ance. The  brawn  tint  which  long  boiling  gives,  may,  as  is  well 
known  in  the  kitcben,  be  supplied  by  a  little  burnt  sugar,  and 
thus  the  eye  as  well  as  the  palate  may  be  satisfied. 

The  antiseptic  [jower  of  common  salt  in  preserving  meat 
has  been  kuown  from  time  immemorial,  but  no  satisfactory  ex- 
planation of  its  mode  of  action  has  been  given.  The  process  of 
Baiting  detracts  considerably  from  the  nutritive  value  of  the  flesh 
so  preserved.  \Yben  raw  meat  is  salted^  the  liquid  portion  speedily 
begins  to  ooze  out,  anti  to  dissolve  the  salt,  forming  what  is  com- 
monly termed  l^rine,  which  is  a  saturated  solution  of  salt  in  the 
juice  of  the  flesh ;  the  meat  thus  becomes  propoilionately  impove- 
rished of  its  albumen,  and  of  its  sapid  and  saline  components,  and 
at  the  same  time  is  deprived  of  its  tendency  to  putrefy. 

(]426)  Components  of  the  Brain, — The  chemical  knowledge  of 
the  components  of  the  brain  and  nervous  system  is  less  satisfactory 
than  that  of  many  of  the  foregoing  substances.  It  may  be 
remarked  that  these  organs  are  especially  remarkable  in  a  chemical 
point  of  view.  Fremy,  a  few  years  ago,  published  an  investigation 
upon  their  composition,  which  has  since  been  confirmed  by  Von 
Eibra  in  its  essential  points.  The  brain  contains  a  large  propor- 
tion of  albumen  in  the  uncoagulated  form ;  but  it  seems  to  owe 
its  peculiar  properties  to  the  presence  of  a  solid  fatty  acid, 
termed  cerebric  add,  which  contains  phosphorus,  and  to  a  liquid, 
oily  acid,  called  okophosphoric  acid ;  the  latter  compound  also  con- 
tains phosphorus.  In  addition  to  these  bodies,  cholesterin,  and  the 
ordiuary  fats,  stearin  and  olein,  arc  likewise  present. 

The  human  brain  contains  in  loo  parts,  about  7  parts  of  albu- 
men, 5  of  the  al)ovc-mentioned  fats,  and  80  of  water. 

Cerebric  Acid  is  a  feeble  acid,  which  is  met  with  in  the  brain 
partly  uucorabined,  partly  united  with  soda.  It  is  a  white  solid, 
which  may  Ije  obtained  in  crystalline  grains,  soluble  in  hot  absolute 
alcohol  and  boiUng  ether,  but  sparingly  soluble  in  cold  ether.  It 
is  not  soluble  in  water,  but  swells  up  like  starch  in  this  liquid :  it 
melts  at  a  somewhat  elevated  temperature,  and  at  a  little  above  its 
point  of  fusion  begins  to  be  deeomposed.  It  burns  with  a  charac- 
teristic odour,  leaving  a  charcoal,  which,  from  the  formation  of 
phosphoric  acidj  has  an  acid  reaction, 

I i 
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Cerebric  acid  gave  to  analysis  the  following  numberi^  from 
which,  however,  no  satisfactory  formula  can  be  dedoeed  : — 

Carbon          »  .  ,  ,  .  66' 7 

Hydrogen     .  .  .  ,  ,  io*6 

Nitrogen      .  .  .  .  ,  2*3 

Phosphorus  .  .  •  .  .  0*9 

Oxygen        .  .  .  *  *  ^9  5 

lOO'O 

Ohophosphoric  Add  is  a  greasy  oil,  -which  is  insoluble  in  coM 
alcoliol,  but  readily  dis^solved  by  etber  and  by  boiling  alcohol-  It 
appears  to  exist  in  the  brain  partially  in  the  free  state,  but  prin- 
cipally in  combination  with  soda,  with  which  it  forms  a  soapy  com- 
poiiud.  Tliis  acidj  according  to  Gobley^  is  likewise  present  in  the 
yolk  of  the  egg.  Olcophosphoric  acid,  by  boiling  it  with  water,  is 
resolved  into  olcin  and  into  phosphoric  acid^  which  latter  remains 
in  solution*  The  presence  of  a  free  acid  facilitates  this  deoom- 
position. 

5    11.     COMPOSITION    ANn    PEOPEUTIES   OF   SOME    O?   THE    MOST 
IMFOKTANT   ANIMAL    FLUIDS. 

The  fluids  contained  in  the  animal  body  may  be  considered  in 

the  following  order! — 

A.  Plastic  nuirkni  liquids,  under  which  are  included  the 
bhod,  and  its  tributaries  the  chyle  and  the  lymph ;  in  connexion 
with  which  it  will  be  convenient  to  notice  milk, 

IL  Liquids  more  or  less  necessary  to  the  process  of  digestion, 
including  the  miiva,  the  gastric  juice,  the  pancreatic  fluid,  the 
uccreliofts  of  I  he  mncous  meml/raneSj  and  the  bile, 

V.  Kxcrcmcntitious  matters,  comprising  the  wnwe,  the  cutaneous 
mfcreHonSf  and  the  solid  excrements ;  with  which  may  be  noticed 
puSf  the  product  of  the  suppurative  process. 

A.  Plastic  A^utrient  Liquids. — 1.  The  Blood, 
(1427)  The  blood  is  the  most  important  of  the  fluids  contaim 
in  the  animal   system,  since  it  supplies   the  material  from  which 
the  various  organs  of  the  body  are  derived.     The  remarks  which 
follow  rufer  to  the  blood  of  the  human  si>ccies  unless  otherwise 
specified. 

Since  the  blood  is  a  fluid  which  consists  of  a  mixture  of  a 
variety  of  diflcTcnt  ingredients,  and  since  it  is  every  moment  under- 
going chan^j^es  of  tJie  most  varied  and  complicated  dci^criptioi*,  its 
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■  compositiou    cannot    be    expected    to   exhibit    the    same  definite 
I     character  as  that  of  a  crystallized  raineral ;  and  yet  there  is  coti- 

siderable  uniforrnity  in  the  clieniioal  eoiistitution  of  blood  during 
health.  In  the  vertebrate  animals  the  blood  is  a  somewhat  viscid 
fluid  of  a  red  colour,  which  k  more  or  less  briglit  according  to  the 
part  of  the  system  from  which   the   liquid   has    been    taken ;  t!iat 

I  from  the  arteries,  or  arterial  blood,  bciug  of  a  florid  red :  wfiilst 
tliat  drawn  from  the  veins,  or  venoits  blood,  is  of  a  dull  purple* 
Blood  has  a  peculiar  odour,  which  diflfers  somewhat  in  animals  of 
ditiereut  species.  This  odour  is  more  strongly  developed  by  the 
addition  of  oil  of  vitriol  to  the  blood.  When  left  to  itself,  the 
blood    presents  the  remarkable    phcimmenQU    of   eoagulation,   in 

»  consequence  of  which  it  appear;^  first  to  become  ecmisoltd,  and 
eventually  it  separates  into  two  portions,  one  of  which  constitutes 
the  solid  cruor  or  cra^samentum,  and  the  other  the  liquid  or 
serous  portion.  This  coagulation  generally  commences  in  from 
three  to  five  minutes  after  the  blood  has  been  drawn,  and  the 
clot  continues  to  contract  for  ten  or  twelve  hours.  Coagulation 
is  retarded  by  exposure  to  a  low  temperature  ;  it  occurs  most 
rapuUy  at  about  iOQ°  or  I  lO^  F.  The  coagulation  is  due  to  the 
presence  of  iibrin,  which  exists  in  the  blood  in  a  state  of  solution 
whilst  it  is  circulating  in  the  living  organism,  but  solidifies  shortly 

I  after  its  removal  from  it :  the  reason  of  this  coa^lation  is  un« 
known.  During  eoagtdation  the  fibrin  carries  with  it  all  the 
colouring  matter  of  the  hiood,  so  tliat  the  clot  has  a  deep  red  hue, 
and  the  serum  is  left  colourless  or  straw-coloured.  The  reason  of 
this  complete  separation  of  the  colouring  matter  is  revealed  by  the 
microi!!coi>e.  Blood,  when  exposed  to  a  high  magnifying  power, 
is  found  not  to  be  a  homogeneous  fluid,  but  to  contain  a  multitude 
of  small  fiattcned  disks,  of  a  deep  red  colour,  tolerably  uniform  in 
size  in  tlie  same  animal,  but  varying  in  magnitude  and  shape  in 
diflercnt  i»pecies  of  animals.  These  blood  duks,  or  red  corpu^cks^ 
consist  of  a  thin  cellular  envelope,  enclosing  the  true  red  colouring 
matter  of    the     blood,  and  they   iioat    in   a   transparent,    nearly 

■  colourless  fluid,  termed  the  Ihpior  sanguinis.  In  human  blood  these 
red  corpuscles  arc  circular  and  slightly  biconcave :  in  most  other 
mammalia    the  blood   disks   ai^e   also  circular ;   in  birds  they  are 

H  elongated  and  oval,  with  an  elevated  centre;  and  in  amphibia 
"  they  are  oval  and  slightly  convex.  These  observations  explain 
the  cause  of  the  complete  separation  of  the  colouring  matter 
H  when  the  blood  coagulates;  since  the  fibrin,  in  the  act  of  solidifi- 
I    cation,  entangles  the   red  corpuscles  in  its   mcsljes,  and  mechani- 
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cally  separates  them^  jast  as  white  af  eg^  does  wlien  it  is  used 
clarify  synip  by  mechanically  removing  the  solid  imptiritieB  sospeodsd 
ill  it.    If  the  blood  be  whipped  with  a  buiidle  of  twigs  dnring  Ibe 
proccsA  of  coa^nlatioD^  the  fibrin  attaches  itself  in  tlie  form  ofwliite 
elastic  filaments  to  the  twigs,  while  the  red  particles  are  sepwwted 
from   it  by  the   ap^itation.     The   defibrinated    blood  is  of  a   de 
red  coloar^  and  does    not  coagulate.       Blood  is  prerented  froti 
coagulating   by  allowing  it   to  How   firom  the  Tein  into   alkalit! 
solutions,  or  into  a  concentrated  solution  of  many  salts  of  the  Hkm^ 
lies,  »uch  as  nitrate  of  potash,  and  sulphate,  and  acetate  of  soda. 
In  some   cases  of  sudden  deaths  the  blood  is  also  found  to   have 
lost  its  property  of  spontaneous  coagulation.      In  certain  states  of 
the  nvHtem,  owing  partly  to  the  slower  coagulation  of  the  fibrin, 
i\u*  n[)pcr  surfiice  of  the  clot   is  entirely  free   from  colouring  par- 
ticles, the  red  c^jrpuscleii  subside,  and  leave  a  stratum  of  variable 
tliickncsH  and  of  yellowish   colour;  to  this  coating  the  name 
the  /ntfft/  coat  of  the  hlootl  has  been  given ;  it  is  sometimes  spoke 
of  as   the   ifijiammatorif  erust,  owing   to  its  frequent  oecurrcnce^ 
during  iidlanimatory  diseases. 

(1428)  Cowponiiifm  uf  the  Blood. — The  following  substances 
have  been  found  as  normal  constituents  of  the  blood : — Albumen, 
fibrin,  colouring  matter  or  hs^ematjn,  globulin  ;  oleic,  stearic,  lactic, 
phosphoric,  Bolphuric,  and  hydrochloric  acids,  in  combination  with 
soda,  potasli,  ammoiua,  limCj  and  magnesia ;  minute  portions  of 
cholesterin,  a  small  tjuantity  of  phosphorized  fat  (containing  phos- 
plio-glyceric  acid),  which  lias  prolmhly  a  composition  similar  to 
that  of  the  fatty  matter  of  the  brain.  The  blood  Hkewise  con-^^y 
tains  in  solution,  oxygen  and  nitrogen,  derived  from  the  atmo^H 
pphere»  and  carbonic  acid,  which  is  produced  by  the  reaction  of 
the  oxygen  upon  the  constituents  of  the  blood.  These  gases  may 
be  displaced  by  transmitting  a  current  of  hydrogen  through  the 
liquid,  Lchnmnn,  l*y  pai^sing  a  current  of  hydrogen  through  ox 
blood  till  it  ceased  to  expel  carbonic  acid,  and  then  adding  acetic 
acid  without  admitting  air,  and  again  transmitting  hydrogen,  has 
shown,  by  the  expulsion  of  carbonic  acid  which  then  ensued, 
that  recent  blood  must  contain  a  free  alkaline  carbonate,  itt^J 
quantity  equal  to  alx)ut  Q'162%  per  cent,  of  its  weight.  ^H 

The  following  table,  based  upon  tlie  observations  of  Schmidt  and 
the  luialyses  of  Lchniaun,  is  given  by  the  latter  chemist  as  represent- 
ing the  average  quantitative  relation  of  the  principal  constituent^B 
of  normal  blood.  It  will  be  observed  that  the  blood  is  here 
regarded  as  composed  of  two  portions,  one  consisting  solely  of 
the  red    particles,    and  the  other   of   the   liquid  in  which   tliese 
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red  corpuscles  <ire  suspend ed^ 
consists  of  tlie  serum  holding 

8p,gr.  of  Blood  Corpuscles,  1-0885. 

1000  parte  of  blood  corpuscles  con 

tain  ; — 
Wilier      ..,,...  68800 
Solid  conBtituents  .     .     *     .  312  00 

(consist  tug  of  J 

Hiematin ,     16*75 

Globulin  and  cell  mombriLne  ^Srii 

Fat 2*31 

Extructive  matters    ,     .     .       3 '60 
Mineral  subBtanceB  (without 

iron) 8'n 


termed  the  liquor  sangtnniSj  which 
fibrin  in  solution  : — 


Sp.gr,  of  Liquor  SangulnU,  I'oaS. 

1000  parts  of  liquor  saoguiniB  con- 
tain : — 

Water 903  "90 

Solid  com<tit«entfl       .     .     .     97' JO 
(consistiDg  of) 

Fibrin 405 

Albumen       ....,•     78*84 

Fat 1*73 

Extractive  roatten    •     •    •      3*94 
Mineral  substancea    «     .     .       §'55 


Cblorine  ..».,..  r6H6 

Sulphuric  at'id 0066 

Phosphoric  acid     .     .     .     ,  I"  134 

Potassium ,  3*328 

Sodium I'o.fja 

Oxygen ,     .  0-667 

PbosphatG  of  lime       .     *     .  o'ii4 

Phospliate  of  magnesia   .     .  0*073 


Chlorine 3  <»44 

Sulphuric  acid  ,     *     *     .     .  01 15 

Pbosplioric  acrid     .     ,     .     .  0'i9r 

Pofca«8ium 0*323 

Sodium 3'34i 

Oxygen    .     , 0403 

Pkoflpliate  of  lime      ♦     »     .  o'^ii 

Phosphate  of  magnesia  .     .  o'222 


The  ash  of  03L  blood  con  tains  about  6*84  per  cent,  of  oxide  of 
iron  (Lehtnann)* 

The  following  table  gives  the  results  of  the  average  composi- 
tion of  human  blood  in  man  and  in  woman^  aceordiBg  to  the  ana- 
lyses of  A.  Eecquercl  and  Eodier  : — 


I 

I 

I 


Specific  gravity  of  defibrinated  blood 
Of  serum        ,     * 


UtXe, 


1060*0 

1028-0 


Water  *     .     »     .     , 

Fibrin  ♦     ,     ,     ♦     ♦ 

('Serolin    .     .     ,     , 
J  Phosphorized  fat 
1  C  boles  terin  .     , 
V,  Saponified  fat    . 

Albumen  *,,.,...,. 

Blood  corpuscles 

Extractive  matters      •.,.,. 


Fatty  matters^ 


77900 

2*20 


1-60'' 


[Feokile, 


io57'5 

1027*4 


I '63 ' 


Baits,       .     . 
Metalhc  iron. 


(  Chloride  of  sodium 
<  (  Hbor  soluble  &a\ts 
(  Earthy  phossjihat^^'a 


69*40 

141*10 

6'8o 


lOOO'IO 


310 
3-50 
o*33 


100003 


650 


7*69 


The  average  specific  gravity  of  healthy  human  hlood  h  from  1  '05^ 
to  i'057,  but  it  is  liable  to  considei-able  variation,  principally  owing  to 

FAKT   III.  Y  X 


THE    BLOOD — HXMATIN^    H.«MAT01DIN, 


691 


fie  colouring  matter  siib^iides ;  it  must  be  collected  on  a  filter,  and 
washed  with  a  solution  of  sulphate  of  isoda.  If  the  residue  u|M>n  the 
filter  be  now  boiled  with  alcohol  acidulated  with  sulphuric  acid,  the 
colouring  matter  is  dissolved.  The  liquid  must  he  filtered  while 
hot,  and  a  portion  of  globuliu,  which  has  been  dissolvedj  is  to  be 
thrown  down  by  the  addition  of  carbonate  of  ammonia.  The  red 
liquid  thus  obtained  is  again  to  be  filtered,  and  evaporated  to  dry- 
ness; after  which  the  solid  residue  must  be  digested  successively  with 
water,  alcohol,  and  ether,  and  again  be  dissolved  in  alcohol  contain- 
ing ammonia,  by  which  the  remaining  portions  of  globulin  will  be 
separated  in  the  insoluble  form  ;  the  solution  is  then  to  be  filtered 
and  evaporated  to  dryness ;  after  which  everything  that  is  soluble 
is  to  be  removed  by  digestion  with  water.  The  residue  is  considered 
to  be  pure  hamiatin. 

Coagulated  hjcmatin  as  thus  obtained  forms  a  dark  mass, 
which  assumes  a  slight  lustre  on  pressm^e.  It  is  destitute  of 
odour  and  of  taste,  and  is  insoluble  in  water,  alcohol,  ether,  and 
the  fatty  and  essential  oila.  It  is,  however,  readily  dissolved  by 
weak  alcohol  which  has  been  acidulated  with  sulphuric  or  hydro- 
chloric acid:  this  solution  is  of  a  deep  brown  coloiu",  but  it 
becomes  blood  red  on  the  addition  of  an  alkali.  Water  preci- 
pitates the  acidulated  alcoholic  solution.  Strong  acids  decompose 
ha^matin,  and  extract  the  greater  portion  of  its  iron.  Aqueous 
solutions  of  the  alkalies,  both  caustic  and  carbonated,  dissolve  it 
freely  ;  wlien  these  solutions  are  boiled,  the  colour,  which  is  at  first 
bright  red,  passes  through  dull  red  into  green.  Hteraatin  is  pre- 
cipitated completely  fi'om  its  ammoniacal  solution  in  alcohol,  by 
salts  of  silver,  of  lead,  and  of  copper.  According  to  Denis,  looo 
parts  of  blood  contain  0*56  of  metallic  iron  ;  so  that  reckoning  the 
quantity  of  blood  in  a  man  of  average  stature  at  301b., it  would  amount 
to  about  1 20  grains  of  iron  in  the  blood  of  the  entire  human  Wdy. 

(1430)  Hmnatoidin.-^A  remarkable  modification  of  the  colouring 
matter  of  the  blood,  to  which  the  name  of  ha'matoidhi  has  been  given, 
has  been  observed  to  occur  sometimes  in  old  extravasations,  and  in 
certain  forms  of  disease.  The  colouring  matter  assumes  the  shape 
of  iriTgular  crystalline  fragments,  or  of  perfectly  formed  transparent 
red  rhombic  prisms,  which  ai'e  very  sparingly  soluble  in  water; 
yielding  a  solution  which  becomes  coagulated  at  about  145**. 
iVlcohol  and  nitric  acid  also  produce  a  precipitate  in  the  liquid. 
The  aqueous  solution  of  h^ematoidin  is  precipitated  by  solutions  of 
corrosive  subUmate,  of  subnitratc  of  mercury,  and  of  sulphate  of 
copper.     Acetic  acid  dissolves  the  crystals  of  hicmatoidin  readily ; 
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»  KM^  rf  ^^  colour  of  pcacli-blossomfl 

r^^^^\hfm,  ta*  dianges  the  colour  of  the  crystals  to 
"^*'!\^i^  luis  pointed  out  a  method  by  which  th 
^^cibtnined  from  the  blood  of  various  animal 
^^  ol'  the  guinea-pig,  the  rat,  and  the    moui 
"^^  been  well  drained  from  the  clot,  the  coagulura 
fc  doth,  and   the  greater  part  of  the  eolouriog 
hy  means  of  a  small  quantity  of  water.     The 
tis  obtained   is  to  l>e  tiltered,  and  a  current 
^^^^itted  through  it  for  about   half  an   hour:    aft 
^^  ^  carbonic  acid  gas  is  to  be  transmitted  t 
\^  jiir  about    15  minutes.      During  the   latter  p 

^iunJiy   becomes  tilled  with  small    crystals,    whicli 
subside,  can  be  separated  from  the  liquid  |K)rtion. 
^^tftid  th^^  ^^^^  formation  of  these  crystals  was  favoured 
.  ^^i  of  solar  hght,  but  the  exact  changes  which  attend 
,uon  are  not  understood*      The  crystals  obtained  from 
:  diflereut  animals   present  differences  of  form  and 
They  are  generally  prismatic,  but  those  of  the  rat  am 
^  jire  tetrahedral,  and  are  very  sparingly  soluble,  req 
^  of  water  for  their  solution.      The  ultimate  analysis 
ti  furnislics  results  almost   identical  with  those  obtaini 
,  tiien.      The  purified  crystals  from  the  blood  of  a  dog  cou- 
^       igoni  07  to  0*9  per  cent,  of  asli,  more  than  half  of  which 
^ ^mnA  of  pci'oxide  of  iron  ;  phosphoric  acid  was  also  present  in 
^wraUle  proiiortion.  ^M 

^/It^ulin. — The  tflohuHn  with  which  the  hsematin  is  combined^^ 
^  Jrcnidy  l>cen  described  ( 1 404)  as  a  compound  bearing  a  strong 
V  to  albumeu;  it   is  contained  in   a  state  approaching   to 
.   tn  the  ciystalline  lens,  and  it  constitutes  the  most  abundant 
,,vliuut  in  the  blood-globules, 
'^  the  combination  of  globulin  with  hrematiu,  or  fimmato-globuUn^^^ 
^^\i  is  preiient  in  the  red  corpuscles  is  very  readUy  acted  upoii^^ 
^  gjiygen,  and  by  many  other  gases,  and  is  concerned  intimately 
^ih  tlie  changes   produced  in  the    blood    during  the   process  of 
^ntion.      Oxygen  gas  is  absorbed  by  the  red  corpuscles  wheu 
,  lied  in  the  serum  or  when   dissolved  in   water,  the  liquid 
^itiuiug  a  brilliant   red    colour,  whilst   a  disengagement  of  car- 
,^c  acid  gas  occurs.      It  is  owing  to  this  action  of  oxygen  that  ^J 
^^   upper   portion  of  the  coagulum   in  yenous    blood,    which  is^| 
!     most  exposed  to  the  action  of  the  air,  is  of  a  brighter  red 
lower  portions   of  the  clot.      Carbonic  acid  is  likewise 
'^  red  particles ;  their  colour  then  becomes  changed 
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to  a  dull  purple,  but  the  hriUiancy  of  the  red  liuc  may  be  restored 
by  furtlier  exposure  to  the  action  of  oxygen :  mauy  saline  sohi- 
tions,  such  as  those  of  nitrate  of  potai^h,  also  restore  the  red  colour, 
and  a  similar  efibet  may  be  obtained  if  syrup  he  added  to  the  liquid, 
llenle  supposes  that  the  change  of  colour  in  the  red  eorpuscles  by 
the  action  of  such  solutions  depends  upon  alterations  in  the  form 
and  volume  of  these  bodies,  in  consequence  of  the  sohitions  pro- 
ducing etidosmosis  or  exosmosis  through  the  ecll-mendjranc  which 
invests  the  colouring  particles,  and  by  increasing  or  diminishing  the 
transparency  of  tliis  membrane,  causing  the  colour  of  the  hscmatin 
to  be  more  distinctly  perceptible  :  but  the  solution  of  the  colouring 
matter  in  water  experiences  similar  modifications  in  colour,  so  that 
the  explanation  of  Ileulc  is  not  admissible.  Sulphuretted  hydrogen 
causes  the  colour  to  pass  into  a  dull  green,  and  the  red  hue  cannot  be 
afterwards  restored.  Protoxide  of  nitrogen  colours  hojmato-globuliu 
purple,  and  oxygen  reproduces  the  scarlet  colour  in  blood  wliich  has 
been  thui  acted  upon.  Sulphurous  acid,  and  acid  gases  in  general, 
darken  its  colour,  which  is  again  restored  by  oxygen.  Admixture  with 
saline  solutions  also  restores  the  red  hnc  to  blood  which  has  been 
darkened  by  sulphurous  acid.  From  these  facta  it  is  ob^doua  that 
hfcmato-globuliu  is  a  compound  extremely  prone  to  change  under 
the  intluence  of  many  reagents. 


( 1431)  2*  Chyle. — The  termc%/eis  applied  to  tlie  liquid  derived 
from  the  nutritive  jjortious  of  the  food,  which  are  absorbed  from  the 
inner  surface  of  the  intestines  by  a  set  of  vessels,  termed  the  iarieah, 
wbic!i  pour  their  contents  into  one  large  absorbent  trunk,  called 
the  thoracic  duct,  by  which  the  chyle,  as  fast  as  it  is  supplied,  is 
emptied  into  the  general  current  of  the  circulation.  The  chyle 
differs  in  its  qualities  according  to  the  nature  of  the  food  which 
has  been  taken,  and  according  to  the  situation  in  wliich  it  is 
collected  for  examination*  When  renioved  from  tlie  body,  it,  in 
the  course  of  a  few  minutes,  uudergoes  a  spontaneous  coagula- 
tion, owing  to  the  presence  of  fibrin.  In  this  respect  chyle  diflers 
from  all  the  other  animal  fluids,  except  the  blood  and  the  lymph. 

Cliyle  is  an  opalescent  fluid,  of  a  yellowish  white,  or  pale  reddish 
colour.  It  has  a  somewhat  saline  mawkish  taste,  and  a  very 
feebly  alkaline  reaction  :  it  is  generally  more  or  less  milky,  from 
its  holding  in  suspension  minute  granules,  and  globules  of  fatty 
matter ;  this  milkiness  is  particularly  observable  when  the  food 
has  contained  much  fat.  Chyle,  when  boiled,  generally  deposits  a 
few  albuminous  flocculi.  Few  satisfactory  opf)ortunities  have 
occurred  for  examining  the  composition  of  human  chyle.     The 
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of  wliicli  it  coagulates  in  a  few  minutes  after  it  has  been  with- 
drairvn  from  the  body,  and  forms  a  scanty  colourJess  coagulum*  Tbe 
quantity  of  fibrin  in  lymph  from  the  human  body,  obtained  in 
cases  of  injury,  has  been  fonnd  to  be  between  0*3  and  05  per 
cent.;  in  the  horse  it  varied  from  0*04  to  o'33  per  cent.  The 
qnantity  of  aibnmen  in  liutnan  lymph  is  stated  to  vary  from  0*4 
to  60  per  cent-^  but  in  the  latter  case  it  is  not  improbable  that 
the  lymph  was  mixed  with  effused  serum. 


(1433)  4,  Milk,— This  important  secretion  is  produced  by 
the  mammary  gland  of  the  female  animal  of  the  order  Mammaiia, 
after  giving  birth  to  young  :  from  the  circnmstance  that  the  milk 
constitutes  the  entire  food  of  the  young  animal  for  many  months, 
it  presents  a  high  degree  of  physiological  interest  in  relation  to 
the  supply  of  food,  and  to  the  processes  of  nutrition  and  of  growth. 

Milk  is  a  liquid  of  a  well-known  yellowish,  or  bluish  white, 
appearance,  which  is  produced  by  the  presence  of  a  large  quantity  of 
oily  matter  in  suspension.  It  has  a  sweet  taste,  a  slight  but  agree- 
able odour,  and  a  feebly  alkaline  reaction.  When  allowed  to 
stand  undisturbed  for  a  few  hourSj  the  greater  part  of  the  fatty 
matter  risen  to  the  surface,  and  forms  the  layer  which  constitutes 
cream.  When  viewed  by  the  microscope  in  a  very  thin  layer, 
milk  appears  to  be  transparent ;  it  contains  a  large  number  of  highly 
refracting,  transparent,  oily  globules  floating  in  a  transparent 
liquid  ;  these  globides  are  contained  in  a  very  thin  investing 
membrane,  which  ia  not  visible  till  the  milk  is  treated  wdth  dilute 
acetic  acid,  Agitation  of  the  milk  with  ether  does  not  dissolve 
the  fat,  but  if  a  small  quantity  of  potash  be  added  to  milk,  and 
it  be  then  shaken  up  with  ctlier,  the  fat  is  completely  dis- 
solved, the  pellicle  which  envelopes  the  globules  having  been 
dissolved  by  the  action  of  the  potasii. 

The  object  of  churning,  in  the  preparation  of  butter  from 
cream,  is  to  break  up  median ically  the  little  sacculi  which  enclose 
the  oily  matter,  and  thus  to  facilitate  the  agglomeration  of  the 
fatty  particles  into  masses,  and  to  favour  the  separation  of  the 
liquid  constituents  wliieh  enter  into  tlie  formation  of  tlie  butter* 
milk,  Tlie  more  completely  the  albuminous  and  caseous  mat- 
ters are  washed  away,  and  the  more  compactly  the  butter  is 
pressed,  the  longer  may  the  butter  be  preserved  without  becoming 
rancid»  since  t!ie  caseous  matter  acta  as  a  ferment,  which  speedily 
ert'ects  a  paitial  decomposition  of  the  fat.  The  addition  of  salt  to 
tliC  butter,  by  retarding  the  decomposition  of  the  azotised  matter, 
preserves  the  fats  unaltered  for  a  considerable  periods 


MltE« 

In  addition  to  oily  matter^  milk  cooluis  two  oilier 
teriniic  ingrcMUentu,  vir^.j  milk  sugar  and  cafiein,  boch  of  wkicb  urn 

hi'ltl  in  >«i)liiti(ni.  Albnuirn  \n  absent  firom  tha  aokitki 
r<iiu)Uion^  but  it  in  abundant  in  the  cohstrum^Of  ndlk 
producocl  after  the  birtli  of  the  young  animaJ.  The  qnanthj  of  attni* 
mm  in  t}ic  ( oltMrnm  of  the  cow  is  m  cx)n«denible,  tlnilit  eoagukxei 
^Ih'u  h4*iito(L  Tlte  €obmtrvim  m  denser  than  nomid  BBtlk;  it  hn 
a  yrllowish  colour,  and  approachea  serum  in  qualitj*  It  is  irarthj 
of  obftervatioii  thiii  the  Hti^ar  contained  in  milk  is  of  a  kind 
\vliieh  do(*M  not  undergo  alcoholic  fermentation^  and  oooseqittBtij 
Im  not  liable  to  prodiieo  an  evolution  of  carbotde  acid  dttring 
di^entioTi,  ho  tlial  diHii-uMioTt  of  the  tender  stomach  and  intestiiiei 
of  tb<'  younjf  unirrud  rmrn  tbiw  ciiuse  is  ^jarded  again^ 

'I'lte  MaJlMcoutuincd  in  milk  con>ii»t  of  the  chlorides  of  aoditim  and 
jK>Uu*muni,  of  phoMphfitc^  of  tbt*  alkalies,  and  of  a  certain  proportktti 
of  poda  aufl  pnlanli,  wbieli  are  (■oml)ined  with  the  casein  and 
ennfer  woltibihty  upnu  it ;  in  addition  to  which^  phosphates  of  lime 
and  of  inagncNia  are  alnu  found  in  considerable  quantity.  These 
jtbonpluitcH  are  et*st'utial  U\  the  devclopraent  of  the  bones  of  the 
yrHln^,^  aninirib  A  minute  quantity  of  oxide  of  iron,  amonnting*, 
aceonUnjc  to  Utudleu,  to  o"47  per  cent*  of  the  entb^  amount 
ash,  is  also  found  in  milk.  No  Bu1]diate8^  lactates^  or  salts 
aniuioiiia,  art^  pn^xent  iu  fresh  milk.  Ilie  quantity  of  salts  found: 
in  roH>  milk  usually  anKuaita  to  about  07  per  cent  In  woman'i 
milk  it  id  about  02  per  cent  The  composition  of  milk  varies  m 
only  in  tlie  tliffrrrut  M[r<H'ies  of  auinuds,  l)ut  also  iu  thefvame  anim 
at  diircrtjit  peiituls  of  lactation,  the  proportion  of  butter  bci 
especially  liable  to  fluetualitm,  and  Imin^  greatly  under  the  influen 
i\{  diet  ;  it  also  appciirji  that  (be  milk  ki^t  yiclde<l  during  the  act  of 
niilkiug  IN  tlu"  rii'brst.  Tiic  following  table  comprises  the  results  of 
the  analysis  i>f  milk  in  various  sp(H:!ii*s  of  animals,  and  will  give 
idea  of  the  ginriid  nature  of  this  liquid  : — 
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The  Rpontaneous  acidification  of   milk   when  kejvt,   and   the 
Dtutequent  curdling  of  the   milk^  as  well  as  the   action  of  acids 
nerally,  in  coagulating  milk,  and  the   eftect  of  various  neutral 
Its  of  the  earths  upon  this  liquid^  have  already  been  mentioned 

B.  Liquids  concerned  in  Digestion* 

(1434)  I.  The  Saliva. — This   secretion  is  poured  ont  by  the 

ni'otid  and  other  ghirida,  the  ducts  of  which  empty  themselves  into 
ae  cavity  of  the  mouth.   Its  chief  use  appears  to  be  to  lubricate  and 
floisteu  the  food,  wid  to  facilitate  the   act   of  deglutition.     The 
f  aliva  varies  in  composition  considerably  in  different  animals.      Tn 
jipan  it  is  an  opalescent,  somewhat  viiscid  liquid,  which   froths  rc- 
^Jnarkably  on  agitation.     The  quantity  of  fix^  solids  which  it  con- 
tains in  solution   was   found   by  Lehmann    to  lie  between  o'jSS, 
md  0*841  per  ceut,^  hnt  it  has  been  observed  as  high  as  1*6  per 
cent.      In   the    dog  the  solids   amount  to  about  1*03,  and  in  the 
horse  to  i  per  cent.      Tn  addition    to  epithelial   particles^  and   to 
mucus  derived  from  the  mouth  itselt*  the  saliva  contains  a  peculiar 
organic  principle,  termed  ptt/afin,  which  resembles  albuminate  of 
fioda,  and  which  is  very  prone  to  putrefiiction.    Ptyalin  constitutes 
about  one -third  of  the  sohibic  solids  of  the  saliva.      It  is  charac- 
terized by  ita  power  of  converting  starch,  even    in   the  granular 
form,  into  dextrin  and  into  sugar. 

Tlie  saliva  iu  health  has  a  feebly  alkaline  reaction;  its  alkalinity 
is  increased  during  mastication,  and  dimiuislies  after  the  process 
of  digestion  is  completed.  In  inflammatory  affections  of  the primm 
vi^  the  saliva  is,  however,  generally  acidj  and  the  same  fact  has 
been  observed  in  various  other  forms  of  inflammatory  disease. 
The  inorganic  constituents  of  the  saliva  consist  of  soda,  and  salts 
of  potfish  and  soda,  w  itli  a  cousiderable  quantity  of  tlie  salts  of 
lime,  which  is  dej>ositcd  from  the  saliva  of  many  animals  {the 
horse,  for  example)  in  the  form  of  crystallized  carljonate,  when  the 
accretion  is  exposed  to  the  air  and  allowed  to  absorb  carbonic  acid* 
It  likewise  occasionally  contains  lactates  of  the  alkalies.  Saliva  also 
always  contains  a  small  quantity  of  phosphate  of  lime.  This  phos- 
phate of  lime  mingled  with  a  variable  pro|>ortion  of  carbonate  of 
lime  and  of  salivary  mucus,  constitutes  those  calculous  concretions 
which  sometimes  form  upon  the  teeth,  and  are  kuo^vn  as  tartar. 
Minute  quantities  of  sulphocyanide  of  potassium  are  also  present  iu 
the  saliva,  as  mny  be  proved  by  the  red  colour  which  it  yields  on 
tljc  addition  of  a  dilute  solution  of  the  perchloride  of  ii'ou.  When 
sulphur  l»as  been  taken  medicinally,  Wright  found  the  quantity  of 


I 


I 


TEE    PANCREATIC  PLUID.  699 

albumen,  wliich  does  not  acquire  its  ordinary  properties  until  after 
it  has  been  subjected  to  the  action  of  the  pancreatic  and  biUarjr 
secretions. 

lo  preparing  this  artificial  digestive  liquid  the  mucous  mem- 
brane of  the  stomach  of  the  pig  is  generally  eni ployed  aa  the 
source  of  the  pepsin,  the  most  active  portion  being  the  glandu- 
lar layer,  extending  chiefly  aloug  the  greater  curvature  towards 
the  cardia.  In  the  appendix  to  Lehraaun's  work  {vol.  iii.  p.  503), 
it  is  stated  ou  the  autbority  of  Gruenewaldt^  who  had  au  opportu- 
nity of  making  experiments  u|>on  a  wonxau  sutTcring  from  a  gastric 
fistula,  that  the  quantity  of  the  gastric  juice  secreted  in  twenty- 
four  hours  amounted  to  the  enormous  quantity  of  3 1  lb. ;  but 
the  greater  portion  of  this  liquid  wasj  of  course,  i*c-absorbed  by 
the  mucous  surface. 

In  thitsicase  tlie  gastric  juice  was  carefully  analysed  by  Schmidt. 
The  following  are  his  results.  It  had  a  sp.  gr*  of  ro2o.  When 
heated,  it  emitted  an  odour  of  butyric  and  propionic  acidsj  and  was 
found  to  contain  in  100  parts  : — 

Water 954* '3 

Pepsin 078 

Sugar,  albuminates,  lactic,  and  butyric  acid, 

and  ammonia  »,.•..,.  3^*43 
Chloride  of  potassium     ......        070 

Chloride  of  sodium    ..♦.»..        4*25 

Potash 0*17 

P!iosphate  of  lime     .,,•,*.        1*03 

Phosphate  of  magnesia 0*47 

Phosphate  of  iron O'oi 

No  free  hydrochloric  acid  was  found  in  this  analysis  ;  but 
when  the  stomach  of  tliis  patient  was  irritated  by  introducing 
peas  instead  of  masticated  food,  free  hydrochloric  acid  was  obtained 
from  the  gastric  juice?,  which  was  secreted  unmixed  with  saliva, 

Schmidt  found  the  quantity  of  free  Ijydrocbloric  acid  in  the 
gastric  juice  of  dogs,  when  unmixed  with  salivaj  to  amount  to  from 
0*245  ^^  0*423  p^r  cent.  Small  quantities  of  chloride  of  ammonium 
were  also  present  in  it, 

(1436)  3.  TuE  pAf^CRHATtc  Ftrin-^Tlie  secretion  from  the  pan- 
creas resembles  the  saliva  in  some  respects.  It  has  an  alkaline 
reaction,  and  putrefies  rapidly.  It  possesses  the  power  of  saccha- 
rifying starch  in  an  eminent  degree,  so  that  it  appears  to  assist  in 
ail  important  manner  in  the  assimilation  of  the  amylaceoiLS  portion 
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of  the  food,  wliit^h  is  not  rciiclcrcd  soluble  by  tbe  action  of  tlie 
gastric  juice.  Bernard  considers  that  one  of  its  chief  functions 
is  to  aid  in  the  assimilation  of  fatty  substances,  bnt  the  investiga* 
tions  since  made  in  Germany  by  several  careful  and  experienced 
observers  have  thrown  some  doubt  upon  the  accuracy  of  this  view. 
It  is,  however,  certain  that  the  pancreatic  fluid  furnislies  a  very 
perfect  emulsion  when  agitated  with  oil,  and  it  has  been  found 
that  such  an  emulsion  continues  to  exhibit  the  same  milky  appear* 
ance  if  left  at  rest  for  fifteen  or  twenty  hours.  Under  these  cir* 
cumstances  the  emnlsionj  which  at  first  has  an  alkahue  reac- 
tion^  generally  becomes  acid,  and  butyric  and  other  volatile  acida 
are  found  in  the  liquid,  The  lifjnid  from  the  pancreas  generally 
becomes  coagulated  when  heated ;  it  is  one  of  the  few  secretions 
which  COH tains  albumen  in  the  soluble  form,  the  propoition  of 
albumen  having  been  found  by  Tiedemann  and  Gmelin,  in  some 
cases,  to  amount  to  4  per  cent,  of  the  entire  liquid.  They  also 
ascertained  the  presence  of  albumen  iu  this  secretion  in  tlie  horse,  i 
the  sheep,  and  the  dog. 

(1437)  4.  Mucus.— Those  cavities  of  the  body  which  communi- 
cate with  the  external  surface  arc  lined  with  a  peculiar  kind  of  ' 
membrane,  distiugublied  as  tlie  mucous  membrane.  The  material 
of  which  these  membranes  consist  appears  closely  to  resemble  albu- 
men iu  its  coagulated  statCj  but  it  is  covered  with  a  pavement  of 
nucleated  epithelium  cells,  which  are  continually  undergoing  gradual 
diKiutcgratioTi  and  solution.  A  tough  viscid  secretion,  termed  mucus ^ 
constantly  bathes  the  surface  of  these  meuibraues.  In  this 
secretion  the  epithelial  particles  can  be  traced  in  diflercnt  stages 
of  disintegration.  The  characters  of  mucus  differ  greatly  with 
the  surface  from  %vhich  it  is  obtained  ;  but  it  nsually  assumes  the 
appeai*ance  of  a  tough  glairy  semi-transparent  mass,  wbieli  swells  up 
iu  water,  but  is  not  dissolved  by  this  liquid.  To  tbe  substance  wliich 
gives  it  this  glairy  consistence,  the  name  of  mucin  has  l>een  applied, 
ilucin  is  turned  yellow  by  nitric  acid  ;  but  it  diHers  from  albu- 
men, since  its  solutions  arc  not  precipitated  by  corrosive  sublimate  ; 
it  is  also  not  precipitated  from  its  acid  solutions  by  fcrrocyanide  of 
potassium  until  after  the  acid  solution  has  been  boiled.  The  mucus 
from  the  surface  of  the  alimentary  canal,  and  its  appendages,  is 
coagulated  by  acetic  acid  and  by  weak  acids  in  general,  but  it  is 
soluble  in  alkaline  solutions.  The  mucus  from  the  surface  of  the 
urinary  organs  is  dissolved  to  a  certain  extent  both  by  acids  and  by 
alkalies.  Both  forms  of  mucus  are  immediately  coagulated  by 
alcohol^  and  the  secretion  presents  many  characters  resembling  thosi^ 
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of  a  solntioii  of  albumen.  Alkaline  clilorules  are  alnindant  in  muais 
from  tlie  iio^e ;  aad  the  phosphates  of  the  alkalies  and  small 
quantities  of  phosphates  of  the  earths  are  also  present. 


(1438)  5.  TflE  Bilk, — This  important  secretion  is  produced 
from  venous  blood  by  tlic  liver,  and  in  most  animals  provision  is 
made  for  its  accumulation  in  a  sac  connected  with  the  gland, 
termed  the  gail  bladder.  When  taken  from  this  receptacle  it 
constitutes  ^a//,  or  cf/stic  bile. 

Human  bile  is  a  ropy  liquid,  of  a  yellowish  green  colour  whea 
concentrated,  but  of  a  bnght  yellow  when  diluted.  It  has  a( 
peculiar  musky  odour  and  a  bitter  taste.  When  poured  into 
water  it  sinks  to  the  bottom,  and  does  not  readily  uiix  with  it, 
but  it  may  be  mixed  with  it  by  agitation,  and  it  then  forms  a 
liquid  which  froths  strongly,  like  a  solution  of  soap.  The  viscidity 
of  the  bile  is  owing  to  the  presence  of  a  quantity  of  mucus  from 
the  gall  bladder,  which  it  holds  in  solution,  Owmg  to  the  pre- 
sence of  this  mucus  the  bile  is  very  prone  to  putrefaction  ;  but  if 
the  mucus  be  got  rid  of  by  coagulation  with  acetic  acid  and  filtra- 
tion, or  otherwise,  the  bile  may  be  preserved  without  decomposition 
for  some  time. 

Ox  bile,  owing  to  the  facility  with  which  it  may  be  procured, 
is  the  variety  which  has  been  chiefly  examine<l.  It  has  usually 
a  sp.  gr.  of  about  1*026,  and,  according  to  Berzelius^  it  contains  the 
following  iugrcdicnta  in  100  parts  : — 

Water 90*44 

Biliary  and  fatty  bodies    .      .      •     »  8'oo 

Mucus 0*30 

Watery    extract,    chlorides,   phoB-|  ^ 

phates,  and  lactates      ,     .     ,    J  ^ 

Soda       .     -      .     • 0*41 

No  albumen  is  present  in  the  bile,  hut  its  organic  constituents 
contain  a  small  percentage  of  nitrogen.  It  also  contains  sidphur 
in  notable  quantity.  It  is  remarkable  that  the  salts  found  in  the 
bile  of  salt-water  fishes  consist  almost  exclusively  of  tliose  of  potaah, 
while  the  salts  of  the  bile  of  fresh- water  fishes,  and  of  the  herbi- 
vora,  consist  chiefly  of  those  of  soda,  although,  trom  the  circum- 
stances  in  which  the  two  classes  of  auimaW  are  placed,  the  op^x)8ite 
results  might  have  been  anticipated. 

Owing  to  the  facility  with  which  bile  undergoes  decoraposi- 
tion,  the  statements  of  the  earlier  chemists  who  examined  this 
liquid  were  contradictory,  and  the  true  nature  of  the  organic  con- 
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stituents  of  tlic  bile  appears  to  have  escaped  the  sagacity  even  of 
Berzelius  and  of  i^Iiilder.  Liebig  was  the  first  to  suggest  that  the 
essential  com|K)iient  of  the  bile  ought  to  be  regarded  as  a  resiuous 
Boap;  and  the  sul)«eqnent  masterly  researches  of  Strceker  have 
at  length  removed  all  doubt  respecting  the  true  nature  of  tlie 
biliary  secretion. 

The  result  of  these  investigations  has  been  to  show  that  ox 
bile  may  be  regmded  as  a  species  of  soap  formed  by  the  combina- 
tion of  two  peculiar  resinoid  acids  with  soda-  Both  of  these  resi- 
nous  acids  (the  glycocholic  and  the  iaurocholic)  contain  nitrogen. 
Tlie  tanrocholic  acid  also  contains  sulphur,  but  the  glycocholic  acid 
IS  free  from  this  element.  Ox  bile  also  contains,  in  addition  to 
'4ie  mucus  of  the  gall  bladder,  minute  quantities  of  cholesterin, 
and  a  small  amount  of  stearic  and  oleic  acids,  united  with  potash 
and  ammonia.  Besides  these  substances  a  peculiar  colouring  matter 
is  found  in  combination  with  an  alkaline  base. 

(1439)  Glycocholic  Acid;  {Choltc  add  of  Strecker ;  HOj 
CgjH^NOjJ. — This  acid  constitutes  the  principal  portion  of  the 
resinous  matter  of  ox  bile;  it  forms  white  voluminous  silky  acicnlar 
crystals,  which  shrink  much  in  drying ;  it  is  sparingly  soluble  in 
cold  water,  more  freely  so  in  hot  water ;  the  solution  on  cooling 
deposits  crystals,  which  have  a  bitterish  sweet  taste.  Alcohol  dissolves 
it  freely,  but  leaves  it  as  a  resinous  mass  on  evaporation  :  it  is  very 
Bparingly  soluble  in  ether.  The  salts  which  it  forms  with  the  alka- 
lies and  the  earths  may  be  ciy stall ized  ;  they  are  soluble  in  alcohoL 

Glycocholic  acid,  when  boiled  with  excess  of  an  alkaline 
liquid,  such  as  solution  of  baryta,  undergoes  a  remarkable  decom* 
position  :  the  whole  of  the  nitrogen  is  separated  in  the  form  of 
glycocine,  which  remains  in  the  solution,  and  a  new  resinoid  acid, 
the  cholic  acid  of  Demar^^ay  (choialic  acid  of  Strecker),  is  found  in 
combination  with  the  baiTta  : — 


4 
4 


4 


Ohfcoobolic  Acid. 

HO,  C„H,^6„ 


CboUt«  of  BftryU, 


OljeoRDe. 


+    HO,BaO    =  BaO,  C^Hj^O,  +   C.H.NO,. 


The  elements  of  glycocholic  acid,  with  those  of  two  eqiuvalents 
of  water,  contain  the  elements  of  cholic  acid  and  of  glycociiie;  so 
that  the  decomposition  of  glycocholic  acid  by  alkalies  is  analogous 
to  that  of  hippunc  acid,  by  acids.  If  glycocholic  acid  he  boiled 
with  acids  it  gradually  loses  water,  and  becomes  converted  first 
into  chohnic  acid  (C^xH^iNOjo),  and  then  into  glycocine,  and 
choloidic  acid  {C^\i^O^\  H4O1  ^^^^  the  latter,  by  a  further  loss  of 
water,  is  ultimately  converted  iuto  dy  sly  sin  (C^Ilg^O^,), 
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Solutions  of  the  neutral  acetate  of  lead,  of  corrosive  snljli- 
mate^  and  of  nitrate  of  silver,  produce  no  precipitates  in  an  aqueous 
solution  of  glycocholic  acid.  The  salts  which  it  forms  with  the 
alkalies  are  also  unaffected  by  s^:*lutiou  of  chlonde  of  barium ; 
but  they  are  precipitated  when  mixed  with  solutions  of  the  salts  of 
copper,  of  lead,  of  iron,  and  of  silver*  The  silver  precipitate  is 
somewhat  soluble  m  boiling  water,  and  crystallizes  as  the  solution 
cools.  Acetic  and  other  acids,  when  added  to  the  solution  of  the 
glycocholates,  decompose  them,  and  throw  down  the  acid  in  the 
form  of  a  resin*  Ghjcocholate  of  soda  (NaO,  Cg^H^^^NOj,)  may 
be  obtained  in  crystals  by  the  addition  of  three  or  four  times  its 
bulk  of  ether  to  its  alcoholic  solution,  but  it  does  not  crystallize 
either  from  water  or  from  alcohol  :  it  fuses  easily  to  a  resinoua 
mass.  The  crystals  have  a  very  characteristic  form  ;  they  consist 
of  six-sided  prisms,  with  the  ends  obliquely  truncated.  The  crys^ 
taUized  bile  of  Platner  consiiits  of  a  mixture  of  the  glycocholates 
of  potash  and  soda. 

Preparaiian. — Glycocholic  acid  is  not  obtained  pure  w^ithout 
considerable  difficulty.  Recent  ox  bile  is  evaporated,  and  the 
residue  is  dried  at  a  temperature  of  250*^;  after  which  it  i« 
digested  with  cold  absolute  alcolioL  The  solution  thus  obtained 
is  filtered^  and  ether  is  gradually  added ;  by  which  means  a  brown 
rennooi  mass  is  separated.  As  soon  as  the  liquid  has  thus  de- 
posited most  of  tlie  colouring  matter,  it  is  decanted,  and  the  glyco- 
cholates of  »oda  and  potash,  which  are  still  retained  in  solution, 
are  precipitated  by  the  further  addition  of  ether.  The  liquid 
becomes  milky,  a  fui'thcr  separation  of  a  resinoid  substance  occurs, 
after  which  the  glycocholates  are  gradually  deposited  in  the  form 
of  stellate  tufts  of  needles.  These  crystab  must  be  washed  with 
anhydrous  alcohol,  containing  one-ten tli  of  its  weight  of  ether, 
and  then  rapidly  di^ied  in  vacuo.  In  order  to  obtain  the  acid, 
the  crystals  must  be  dissolved  iu  water,  and  precipitated  by  dilute 
sulphuric  acid ;  crystals  of  glycocholic  acid  are  slowly  deposited. 
This  substauce,  however,  is  not  pure  even  jet,  for  a  part  only  of 
these  crystals  is  soluble  in  water,  scales  of  a  body  isomeric  with 
glycocholic  acid  being  left ;  this  insoluble  portion  has  been  termed 
parachoUc  acid  by  Strecker,  If  paracholic  acid  be  dissolved  in 
alcohol,  the  addition  of  water  precipitates  it  iu  the  form  of  crystals 
of  glycocholic  acid. 

(1440)  Cholic  acid  of  Demar5ay,  cholalic  acid  of  Strecker; 
(110,  C^gHanOg,  5  Aq). — By  adding  hydrochloric  acid  drop  by  drop 
to  the  solution  of  cholate  of  baryta  obtained  by  boiling  glycocholic 
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Choloidic  acid  is  a  resinous,  white,  friable  substance,  freely 
sohiblc  ill  alcohol,  scarcely  solulile  in  etliar,  and  insoluble  in  water. 
It  reddens  litmus,  and  when  treated  with  sulphuric  acid  and  sugar 
produces  the  same  reactions  as  cliolic  acid.  The  alkaline  clioloidates 
are  wolubie  in  alcohol  and  in  water,  but  they  do  uot  crystallize: 
choloidate  of  baryta  is  insoluble  in  water.  These  salts  are  isomeric 
with  the  cholatcs,  but  do  not  at  all  resemble  thcni.  Choloidic  acid  is 
stated  to  contain  no  basic  water,  but  this  appears  to  be  doubtfiil. 

Both  eholic  and  choloidic  acidi?,  like  oleic  acid,  when  distilled 
with  nitric  acid  yield,  by  oxidation,  the  volatile  fatty  acids  of  the 
group  C^H^O^ ;  acetic,  butyric,  caproic,  eenanthylie,  caprylic, 
pelargonic,  and  capric  acids  having  been  discovered  in  the  results 
of  the  distillation  by  Redtenbacher.  Various  other  oxidized  products 
remain  in  the  retort,  among  which  are  oxalic  and  cholestertc  acida 
(1444), and  a  crystallizable  body  termed  chakMamc  acid  (C32H240jJ* 

By  long  boiling  with  hydrochloric  acid,  the  choloidic  acid  in 
turn  is  decomposed ;  it  loses  3  more  equivalents  of  water, 
and  becomes  converted  into  a  neutral  resin  (C^gHaoO^j),  fusible  at 
284**,  and  which,  from  its  difficult  solubility  in  ordinary  solvents, 
Berzelius  calls  dyslysin, 

(1442)  Taurochoiic  Add;  Choktc  Acid  of  Strecker  {110, 
QoH^NOigSJ. — The  sulphuretted  acid  of  ox  bile  is  the  less  abun- 
dant of  its  two  components ;  though  it  is  the  principal  ingredient  in 
the  bile  of  serpents,  of  fishes,  and  of  some  other  annuals ;  it  does 
not  appear  to  have  been  isolated  in  a  perfectly  pure  state.  It  lias 
however  been  ascertained  that  it  gives  rise,  by  treatment  with 
acids,  to  eholic  or  to  choloidic  acid,  and  to  dyslysin,  but  instead  of 
glycocine  it  furnishes  a  remarkable  crystallizable  body,  which  con- 
tains all  the  sulphur  of  the  acid ;  this  substance  has  been  named 
taurin  (CJl^NOeSa)  t— 

Ttarochollc)  Acid,  Taturin,  Gholio  Add, 

HO,  C,,H^NOi383  -f  2  HO  =  C^HyNOeS,  +  HO,  C,gH3,0,. 

Preparation. — In  order  to  obtain  tanrocholic  acid  of  tolerable 
purity,  the  following  method  recommended  by  Heintz  may  be 
employed  : — To  an  aqueous  solution  of  ox-bile,  neutral  acetate  of 
lead  is  added  so  long  as  it  occtisions  a  precipitate ;  the  mucus, 
the  oily  acids,  and  the  principal  part  of  the  glycocholic  acid  are 
thus  thrown  down,  and  must  be  separated  by  filtration.  To  the 
clear  liquid  a  solution  of  subacetatc  of  lead  must  next  be  added  in 
small  quantities  at  a  time,  until  the  successive  precipitates  become 
quite  white,  and  assume  a  plaster-like  consistence,  when  the  liquid 
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tatfid  hf  the  addition  of  at 

^  CBtii^  of  laiinidiobieol'  lead^  musii 
bIkiI^  and  i^predpitsdon  by  water 

by  ilic  action  of  ^pharetted 
;  acid  may  Ik*  obtained  by  cfBpciratitlg 
it  to  remove  the  sulphide  of  lead. 
I  of  the  alkalies  are  very  soluble  io  water  and 
d  Ihi^  cnr  DO  piTcipitate  with  neutral  salts  of  lead,  but 
lii^hft  «f  tkts  metal  slowly  deposit  a  plaster-like  compound, 
I  •tNM^  in  boUiug  water.  They  yield  with  sulphuric  acid 
pv^^mki  colour  similar  to  that  produced  by  the  cholati 
lii^  of  most  animals  yields  taurin  when  treated  with  th 
mineral  acidB^  since  the  occurrence  of  taurocholic 
^gi  m  utmost  universal  in  this  sed'etion^  but  the  other  resinoid 
^il  ^nmn  in  differeut  classes  of  auimals ;  that  obtained  from  the 
%3itof  Ibc  p^j  for  e^ample^  termed  hyochoUc  add^  contains  (UO^ 
C^W^yOJ*  Hyocholie  acid  yields  glyeociue  when  boiled  wit 
HCiiil^  vkQict  a  new  resinoid  aeid^  the  hyovhoialic  {C^^lyfl^f  ia' 
^^piolfdi.  The  compound  which  Ijyocholic  acid  forms  with  oxide 
^Imi  lloea  not  postses^  the  fusible  plaster4ikc  eharaeter  which 
jllihc^i^Cd  the  lead  saltB  of  glyeoeholie  and  tauroebolic  acids. 
1^  kihg  boiling  with  acids  hyocholie  acid  is  converted  into  glyoo- 
^flpK  and  hyodyshjsin  (CgoHg^Ot,)  wliieh  is  homologous  with  dyslysin, 
\i^  <\"»ntaius  (C^rU)  more  than  the  latter  compound*  Hyocholie 
n^  itself  is  homologous  with  cholmuc  acid  (HO^  Cg^H^^jNOj,},  the 
mtinoug  acid  produced  by  boiling  glycocholic  acid  with  water, 
nlMeh  under  these  circumstances  loses  two  equivalents  of  water, 
fHftchaleic  acid  (HO^  C^H^NOnSa),  the  sulphuretted  acid  of  pigs^ 
lll^  beai*8  a  similar  relation  in  its  composition  to  taui*oeholic 
^^  that  the  hyocholie  does  to  glycocholic  acid ;  that  is  to  say, 
a  ixjutaiua  2  equivalents  of  oxygen  less,  and  a  equivalents  of  carbon 
morCj  than  taurocholic  acid.  ^m 

{1443)   Taurin  (C4H7NO15S3).— This  remarkable  substance  i«H 
ftiidily  prepared  by  freeing  fresh  bile  from  mucus  by  the  addition 
v/f  an   acid,  and   filtering  it ;   the   clarified  bile  is  then  boiled  for 
^mic  hours  nith  hydrochlonc  acid ;  the  liquid  decanted  from  the 
^vAinous  acids  is  evaporated  on  the  water-bath  nearly  to  dryne 
'    i  ranted  from  the  cr}^stals  of  chloride  of  sodium  which  bave| 
f  lud;  the  molher  liquor   is  then  mixed  with  5  or  6  times  it 
of  alcohol,  and  the  litpiid  on  cooling  yields  crystals  of  taurii 
\    must   be   purified    by   reervBtallization   from    water.      The^ 
,•  o5r'<^,'^i  ttssume  the  fur  in  of  a  six-sided  prism  terminated 
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hy  four  and  six^siclcd  pyrainltls  resembling  those  of  qimrtx,  Taurin 
is  soluble  in  about  16  parts  of  cold  water  ;  it  has  a  cooling  taste; 
it  is  not  soluble  iu  absolute  alcohol  or  in  ether.  The  mineral  acids 
dissolve  taurin  without  alteration,  but  do  not  combine  with  it^  and 
even  when  heated  with  it  they  do  not  decompose  it.  Taurin  contains 
more  than  25  per  cent,  of  sulphur,  but  is  a  compound  of 
remarkable  stability.  When  burned  in  the  open  air  it  emits  abund- 
ance of  sulphurons  acid.  Caustic  potash  dissolves  it,  and  if  boiled 
down  with  it  nearly  to  dryness,  decomposes  it,  ammonia  being 
evolved  abuudantly,  whilst  sulpbnrous  and  acetic  acids  remain  in 
combination  with  the  i>otash.  Heuee  it  appears  that  the  sulphur 
is  already  in  an  oxidized  condition.  Taurin  is  isomeric  with 
bisulphite  of  aldehyd-animonia,  a  compound  which  may  be  pre- 
pared artificially,  but  which  ditfers  in  properties  from  taurin ; 
CJi^Og,  H3N,  2  SO^  ==  C^HyNOoS..  Strecker  (Chern,  Gas.,  1854, 
388)  has  however  succeeded  in  procnring  taurin  artificially  from 
isethionate  of  ammonia.  Iscthionic  acid  is  prepared  by  absorbing 
olefiant  gas  by  means  of  anhydrous  sulphuric  acid,  and  the  product 
thus  obtained  is  dissolved  in  water;  on  neutralizing  tlie  liquid  with 
ammonia,  and  evaporating  it  until  crystals  are  foniied  on  cooling,  the 
isethionate  of  ammonia  (H^NOj  C4H5S2O7)  is  obtained.  Now  this 
salt  contains  the  elements  of  taurin  and  2  equivalents  of  water :  — 


Ijelbiooftte  of  AnunoDift. 


Tfturia. 


H^NO,  C,H,SPy  =  2  HO  +  C^HyNO^S,. 

On  heating  the  isethionate  gradually  to  446^^  F.,  it  loses  1 1  per 
cent,  of  its  weight,  and  the  residue  when  redissolved  in  water 
yields  by  spontaneous  evaporation  crystals  w  bicli  have  the  form  and 
properties  of  taurin  from  bile,  Cloetta  has  found  taurin  in  small 
quantity  ready  fonned  in  the  lungs  of  the  ox ;  he  believes  it  to  be 
the  substance  termed  pneumic  or  pulmonic  acid  by  YerdeiL 

(1444)  Cholesterin  (C52H44O3  -h  2  Aq?). — This  crystallizable 
fatty  body  constitutes  a  never-failing  ingredient  of  healthy  bile, 
though,  according  to  Bcrzelius,  it  docs  not  exceed  in  quantity  one 
part  in  lOjOOO  of  the  bile.  It  is  probably  held  in  solution  by  the 
jcucy  of  tanrochoUc  acid,  which  possesses  a  certain  solvent  power 
'lover  cholcsterin.  It  acquires  its  chief  interest  and  importance  from 
the  circumstance  that,  owing  to  its  extreme  insolubility,  it  cannot 
be  reabsorbed  when  once  deposited,  aud  hence  it  frequently  accumu- 
lates in  the  gall-bladder,  and  forms  tlie  principal  ingredient  in  the 
most  common  variety  o^  gall-stone  or  biliai-y  calculus,  Cholesterin 
is  found  also  as  a  normal  constituent  of  the  blood ;  it  is  present 

2  2  2 


qnanttty ;  tt  is  abo  a  constituent  or 
in  mall  propartkNi  is  a  very  frequent 
fibroBft  cxaibtiooa.     II  appears  abo  to 


rUch  ooatain  clialoterm  have  a 
rTTTtiHrT  aUiMAuigy  and  tee  on  the  application  of  heat^  and  they 
filHi  hasm  m  wfeoBt  gfwnty  len  than  that  of  water*  Stich  cal- 
tte  hcift  atmace  of  cholieaterin.  In  order  to  obtain  it 
the  |0«def«d  gaU-stooea  should  be  boiled  in  alcohol ; 
m  k  ooob  dqiostta  characteiistic  rhombic  plates  of 
vhkh,  after  one  or  two  reonrstalliiationsj  is  obtained 


ia  nearhr   insolable  in  water;    ether   dissolves  it 

When  the  ethereal  solution  id  mixed  with  half  ita 

alcohol  and  Idk   to  apontaneoiia  evaporation^   r^nlar 

deposited ;  ther  contain  nbout  5  per  cent,  of  water : 


to  aia^»  the  crjrstals  became  opaque,  and  the 
wfttrr  is  etpdled,  Cholesterin  fuses  at  293%  and  becomes 
tgyataSiiBe  on  eooling ;  it  may  be  distilled  at  a  temperature  of 
MqP  wilhottt  decompo^tion ;  but  at  a  somewhat  higher  tempera- 
tve  it  is  partially  decomposed.  In  the  open  air  it  bama  with  a 
tamky  lame.  The  alkalies  do  not  act  upon  it.  Concentrated 
Wii|fcliiie  acid  decomposes  it  by  removing  water  and  forming  a 
mixture  of  three  isomeric  hydrocarbons  (C^Utf)  termed  cholesteri~ 
fin,  whkh  arc  distinguished  by  the  letters  a,  b,  and  c.  Long  boil- 
iif  ef  diole^terin  mth  nitric  acid  converts  it  first  into  a  resinoua 
0119$  and  then  decomposes  it,  producing^  among^  other  bodies^ 
iktitdcric  acid  (liO,  CSH4OJ1  which  assumes  the  form  of  a  light* 
X^How  deliquescent  substance^  of  an  add  and  bitter  taste;  it 
^  readily  soluble  in  alcohol.  According  to  Bedteubacherj  the 
liodhiction  of  acetic,  butyric^  caproic,  and  oxalic  adds^  ako  acoom* 
*    ,  the  formation  of  cbolesteric  acid. 

ctUcmH  are   ofteu  found  in  the  gall-bladder  in  large 

they  vary  a  good  deal  in  appearance  and  shape:  in 

cases  they    are    nearly    semi-transparent^  and    crystallized 

^IdM^buut,    at   other  times    they  are  strongly  tinged  with   the 

spring   matters  of  the  bile.       Occasionally  the  cliolesterin   ia 

^mitrd  upon  a  nucleus  of  phosphate  of  lime,  or  of  biliary  colour- 

<^Ucr  in  combination  with  lime. 

^>mc  species  of  oricntid  goats^  concretions,  called  bezoarg, 

dwui^i -green  colour,  arc  ocoisioually  found  in  the  stomach 

i^ontaiu  a  snbstauce  termed  UthofeUic   acid 

good    deal   resembles  cholesterin    in 


* 
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arance.  This  body  crrstallizes  in  six-sided  prisms^  or  in 
miiall  rhanibie  prisrasj  with  an  oblique  terrainal  face.  It  is 
insoluble  in  water,  sparingly  soluble  in  ether,  but  freely  soluble  in 
hot  alcohol  and  acetic  aeid.  At  400*^  it  fuses,  and  if  heated  to  a 
little  beyond  this  it  is  converted  into  a  resinous  massj  the  fusing 
l)oint  of  which  is  reduced  to  about  230^  F.  If  this  resin  be  re- 
dissolved  in  alcohol  it  is  again  converted  into  the  crystallizable  acid. 
Lithofellic  acid  burns  with  an  agreeable  odour  and  a  white  smoky 
flame.  It  combines  with  the  alkalies  and  forms  soluble  salts  ;  the 
salts  of  lead  and  of  silver  are  insoluble^  and  soften  in  hot  water. 
Lithofellic  acid  is  distinguislied  from  cholcstcrin  by  its  higher 
melting  point  and  by  its  ready  solubility  in  solutions  of  the 
caustic  and  carbonated  alkalies^  and  in  acetic  acid. 

The  following  table  will  assist  in  indicating  the  relations 
which  subsist  between  the  most  important  of  the  numerous  com- 
pounds obtainable  from  the  bde  :-— 


Glycocholic  acid 
CholoQio  acid  . 
ClioHc  ftcid  -  - 
Chdoidic  acid  , 
Dyalyain  .  .  . 
TauTochoHc  &eid 


9s2??4^?^^ia 


Chalesterin 

Taurin 


CijH^ 


,Qi 
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Hyocholic  acid  . 

nyocliolalic  acid 

Ilyodyslysia 
HyOL'Iioleie  acid 


Lithofellic  acid  . 
Glycocine      .     * 


(1445)  Colouring  Matters  of  the  B'ih.—1{  au  alcoholic  solu- 
tion of  bile  be  filtered  through  a  column  of  animal  charcoal,  it 
runs  through  nearly  deprived  of  colour ;  but  the  colouring  matter 
o(  the  bile  has  never  been  isolated  in  a  state  of  purity.  There 
appear  to  be  two  moilihcations  of  it,  one  of  them  is  brown,  the 
other  green :  the  latter  is  abundant  in  the  herbivora ;  it  forma  the 
biliverdin  of  Berzelius,  who  considers  this  grecu  pigment  to  be 
identical  with  the  chlorophyll,  or  green  colouring  matter  of  vege- 
tables. It  is  insoluble  in  water,  but  is  taken  up  by  alcohol  and  by 
ether.  In  human  bile  the  brown  pigment  preponderates ;  it  has 
[  been  termed  ckakpyrrhin.  This  brown  colouring  matter  has  a  strong 
tendency  to  combine  with  the  alkalies  and  the  earths  ;  with  the 
latter  it  forms  compound*  which  arc  insoluble  in  water  and  in 
alcohol*  The  brown  colouring  matter  of  the  bile  is  very  rapidly 
altered  by  reagents.  The  changes  of  colour  produced  in  it  by  the 
action  of  nitric  acid  have  been  proposed  as  one  means  of  detecting 
the  presence  of  bile  in  certain  cases,  as,  for  instance,  when  it 
occurs  in  urine :  when  a  solution  containing  this  colouring  matter 
is  mixed  with  nitric  acid,  the  colour  becomes  at  first  green,  then 


COMPOSITION    OF   T7RIXE. 


•11 


the  diet  and  state  of  health  of  the  mdividiyd^  but  it  usually 
averages  about  ro20.  The  quantity  passed  during  the  twenty- 
four  hours  also  varies  with  the  quantity  of  liquids  taken^  but 
on  an  average  it  may  be  estimated  at  forty  ouaces.  Urine,  when 
left  to  itself,  speedily  begins  to  undergo  ehauge.  In  most  cases  it 
first  exhibits  an  increase  of  acidity,  as  Scberer  has  shown  ;  but  after 
standing  for  a  few  days  it  begins  to  putrefy,  and  then  acquires  a 
powerful  alkaline  reaction  and  an  ammoniaeal  odour,  owing  to  the 
conversion  of  the  urea  into  carbonate  of  ammonia.  This  alkaline 
decomposition  of  the  urine  sometimes  takes  place  within  the 
bladder^  particularly  after  injuries  to  the  spinal  cord  attended  with 
paralysis  of  the  lower  part  of  the  lx)dy.  The  mucus  of  the  bladder 
appeal's  to  act  as  a  ferment  upon  the  uriue,  aud  has  a  large  share  in 
producing  this  decomposition  of  the  urea. 

CompmUion, — Urine  contains  among  its  component:?,  urea, 
uric  acid,  hydrochloric,  sulphm^ic,  and  phosphoric  acids,  in  com- 
bination with  potash,  soda,  lime,  magnesia,  and  traces  of  ammonia. 
It  also  always  contains  a  little  vesical  mucus,  together  with  some 
other  ill-defined  azotiscd  principles.  In  addition  to  these  bodies, 
Stgedeler  has  noticed  the  presence  of  minute  quantities  of  certain 
acids  homologous  with  tiie  earljolic  and  with  oleic  acid.  The  bodies 
contained  in  the  urine  are  mainly  the  products  of  oxidation,  occa- 
sioned by  the  action  of  respired  air  upon  the  nitrogenized  tissues, 
and  upon  the  sidphur  and  phosphorus  which  they  contain.  The 
following  table  represents  the  average  composition  of  healthy 
human  urine  i — 


Specific  gravity I'oao 

Water     .,.,.. 956*80 


Organic  matters, 
2979. 


Fixed  saltsj  I3'35. 


f  Urea        .      ,      ,      , 

Uric  acid 

Alcoholic  extract     , 

Watery  extract  . 

Vesical  mucus    . 
f  Chloride  of  sodium 

Phosphoric  acid 

Sulphuric  acid    . 

Lime        .      .      .      * 

Magnesia 

Potash     .      ,      *      . 

Soda 


In  100  parti 
of  Bolid 
mutter. 

.    3300 

.     0-86 


999'94      100x0 
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Ininian  urine  is  greatljr  increased.  The  qiiestioii  of  the  source 
whence  urie  acid  is  derived  is  full  of  interest,  especially  to  the 
practical  physician,  since  its  morbid  prevalence  is  intimately  con- 
nected with  some  of  the  most  distressiug  maladies  which  afflict  the 
human  frame,  such  for  example  as  gout,  rhcumatisraj  and  certain 
forms  of  calculous  concretions  from  the  urine.  In  some  kiuils  of 
gout,  uric  acid  is  developed  and  retained  in  the  systemj  chiefly  in 
the  form  of  urate  of  soda^  in  the  neighbourhood  of  the  smaller 
joints^  such  as  those  of  the  fingers  and  toes,  and  the  wHsts,  forming 
deposits  commonly  known  as  chalk  stones.  The  system  is  in  these 
crises  loaded  with  lactic  and  acetic  acids^  the  latter  of  which  is 
thrown  off  abundantly  in  acid  sweatings.  Dr.  Garrod,  in  cases  of 
gout,  htis  invariably  found  uric  acid  to  be  present  in  the  blood,  and 
he  has  also  frequently  detected  it  in  the  blood  in  Briglit's  disease : 
it  has  been  found  occasionally  in  healthy  blood.  Uric  acid  is 
likewise  discovered  without  dithculty  in  the  blood  of  animals  from 
which  the  kidneys  have  been  extirpated. 

The  constitution  of  the  urine  is  found  to  vary  at  different 
times  of  the  day.  That  voided  in  the  morning,  for  example,  after 
the  lapse  of  a  considerable  interval  without  the  ingestion  of  food, 
is  the  result  chiefly  of  chemical  actions  going  on  within  the  body 
itseH^  and  is  furnished  by  the  decomposition  of  the  tissues.  Such 
arine  has  a  very  different  composition  from  that  passed  in  the 
evening,  into  which  various  bodies  have  been  absorbed  directly  from 
the  stomach.  The  nature  of  these  bodies  necessarily  varies  with  that 
of  the  food,  which  also  materially  influences  the  quantity  Ix)th  of  uric 
acid  and  of  urea.  With  reference  to  this  point,  it  was  foimd  by 
Lehmann  in  a  series  of  experiments  upon  his  own  person,  that 
after  restricting  himself  to  an  animal  diet  for  several  days,  he 
.excreted  daily  821  grains  of  urea,  and  21  "6  grains  of  uric  acid. 
After  an  exclusively  vegetable  diet  for  a  similar  period,  the  quan- 
tity of  urea  in  twenty-four  hours  amounted  to  348  grtdns,  and  the 
uric  acid  to  15*4  grains  j  and  after  subjecting  himself  to  a  diet 
from  whicli  nitrogen  was  as  far  as  possible  excluded,  the  quantity 
of  urea  fell  to  237  grains.  When  a  highly  azotised  diet  was  taken^ 
the  same  observer  found  that  five-sixths  of  the  entire  quantity  of 
nitrogen  taken  in  the  food  was  eUmimitod  from  the  system  in  the 
form  of  urea*  With  an  ordinary  mixed  diet  the  urine  amounted 
to  37*3  ouuccs  daily*  and  it  contained  501  grains  of  urea  and  18*2 
of  uric  acid.  These  quantities  of  urea  and  uric  acid  are  somewhat 
higher  than  the  average  of  that  excreted  by  the  healthy  adult, 
.The  quantity  of  sulphuric  acid  in  the  urine  is  also  mainly  in- 
kflueneed  by  the  proportion  of  azotised  food  taken;  this  acid  indeed, 
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appears  to  be  derived  principally  irom  the  sulphur  contaioed  in  ibe 
protein  a>mpoiind8  assimilated  from  the  food.  When  a  mixed  diet 
waa  UBed^  Liehmann  found  the  quantity  of  sulphuric  acid  excreted 
daily  to  amount  to  io8  grains ;  with  an  animal  diet  it  roae  aa  high 
as  165  grains,  and  when  a  purely  vegetable  diet  was  conmroed, 
the  quantity  of  sulphuric  acid  excreted  in  the  twenty-four  hoars 
fell  to  90  grains.  Many  substances  when  taken  into  the  stomach 
pass  off  unchanged  by  the  kidneys^  especially  those  which  are  of  a 
saline  nature,  such,  for  instance,  as  iodide  of  potassium ,  and  ferro- 
cyanide  of  potassium :  these  salts  may  be  commonly  detected  in 
the  urine  within  half  an  hour  after  they  have  been  swallowed.  ^ 

(1448)  Urinary  cancreiions. — ^ Although  the  urine  in  a  healthy  ^^ 
individual  usually  remains  clear  and  transparent,  even  after  it  has  ^^ 
ctx)lcd,  it  not  unfrequently,  under  the  influence  of  disturbed  henlth, 
deposits  more  or  less  abundantly  some  of  its  leaa  soluble  consti*| 
tuentsj  these  deposits  in  some  cases  assume  the  form  of  a  light  floc- 
culent  powder,  at  other  times  they  appear  in  more  compact  grainsi 
which  constitute  the  different  forms  of  gravel,  and  in  other  instances 
they  collect  into  larger  masses,  and  give  riae  to  urinary  calculi. 

The  most  common  urinaryeediments  are  those  which  contain  uric 
acid.    When  the  uric  acid  is  uncombined  with  bases  it  often  appeara  | 
in  small  crystalline  masses  resembling  grains  of  coarse  sand,  consti- 
tuting the  ordinary  variety  of  red  gravel,  which  consists  of  uric  acid  ! 
tinged  with  the  yellow  colouring  matter  of  the  urine:  this  sediment, 
if  examined  imder  tlie  microscope  is  usually  seen  to  possess  the  form 
of  rhomboidal  crystals,  the  edges  of  which  are  frequently  rounded. 
In  other  cases   the  acid    is  found  in  the  form  of  a   light-brown 
amoqihotis  sediment  consisting  of  urate  of  ammonia.     Both  these 
setliments,  and  especially  the  latter,  are  materially  influenced   by 
diet :  exce^as  of  any  kind,  particularly  in  animal  diet,  drinking  too 
much  of  acescent  fermented  liquors,  over  anxiety,  exposure  to  cold,  ^J 
damp  weather,  and  want  of  exercise,  very  frequently  produce  an  ^M 
increased  excretion  of  uric  acid,  and  caiise  a  deposit  of  the  urates  of  ^^ 
soda  and  of  ammonia  even  from  persons  in  health.  In  those  suffering 
from  an  habituaJ  deposit  of  red  gravel,  an  animal  diet  frequently 
aggravates  the  disease   in  a  remarkable  manner.      On  the  other 
hand   it  has   been  observed  that  uric   acid  is  less  abundant  in 
the  urine  in   summer,  and  is   generally  diminished  after  copious 
sweats.     I^elimann  states  that  the  formation  of  uric  acid  calculi  is 
unknown  in  tropical  climates. 

When  phosphoric  acid  is   present  in  the  urine  in  excess,  it 
aometimes   shows  itself  in  the  form  of  a  white  sand,  which  is 
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UBiially  ci^^stallized,  and  consists  of  pliospliatc  of  magnegia  and 
amoionia :  but  occasionally  the  deposit  is  amorphous.  These  two 
varieties  of  sediment  constitute  white  gravel ;  they  are  attended 
almost  constantly  by  an  alkaline  state  of  the  urine. 

The  principal  varieties  of  urinary  cuieuit  as  distinguished  from 
sedimenis  are  the  following:—!.  Uric  acid;  2,  Urate  of  ammonia  j 
3,  Oxalate  of  lime ;  4.  Phosphate  of  lime ;  5*  Phosphate  of  mag- 
nesia aad  ammonia ;  6.  Fusible  calculus  (a  mixture  of  the  two  pre- 

[ ceding  ones);  7.  Xanthic  oxide j  and  8*  Uric  oxide.  Urinary 
calculi  are  in  many  cases  formed  upon  some  foreign  body  as  a 
nucleus,  such  as  a  clot  of  blood  or  a  crystal  of  any  kind. 

I.  Uric  acid  calculi  arc  usually  of  a  brownish-red  or  fawn 
colour  :  they  have  a  smooth  or  finely  tuberculated  surface ;  wlicn 
sawn  through  they  are  generally  found  to  be  composed  of  concen- 
tric laminae^  ami  are  somewhat  crystalline.  If  a  fragment  of  such  a 
calculus  be  heated  before  the  blowpipe,  it  is  consumed,  emitting 
a  peculiar  auima]  odour,  and  leaving  only  a  minute  white  ash.  This 
variety  of  calculus  is  soluble  in  a  solution  of  potash,  and  uric  acid  is 
precipitated  in  white  silky  crystals  on  supersaturating  the  solution 
with  an  acid.  If  a  fragment  be  heated  on  a  slip  of  glass  with 
nitric  acid,  it  is  dissolved  with  etferveseence,  leaving  an  orange* 
coloured  residue  which  is  rendered  of  a  beautiful  piuk  or  crimson 
by  the  addition  of  a  drop  of  ammonia,  after  which  the  addition 
of  a  solution  of  potash  devclopes  a  magnificent  purple. 

a.  The  uraie   of  ammmua  calculus  is  very  rare  :  it  is  usually 

I clay-coluured,  and  smooth;  and  is  deposited  in  fine  concentric 
layers  of  an  earthy  appearance*  It  is  more  soluble  in  water  than 
the  preceding  variety^  and  is  dissolved  with  extrication  of  ammo- 
nia when  heated  with  a  solution  of  potash ;  in  other  characters  it 
resembles  uric  acid. 

3.  Ojculuie  of  Utne  often  occurs  as  a  morbid  ingredient  of 
urine.  The  mulberry  calculus  consists  of  this  substance :  this  form 
of  concretion  has  usually  a  deep  brown  colour ;  it  is  deeply  tuber- 
culated and  rough,  and  is  very  dense  and  hard.  When  heated 
before  the  blow-pipe,  it  first  blackens,  and  then,  if  exposed  to  a 
moderate  red  heat,  it  burns  to  a  white  ash  consisting  of  carbonate 
of  lime,  which  is  dissolved  by  acids  with  efiervescence ;  but  if  it 
has  been  more  strongly  heated,  the  ash  is  alkaline  to  test  paper, 
and  consists  of  pure  lime.  The  finely  powdered  calculus  is  soluble 
in  nitric  and  hydrochloric  acids,  but  it  is  insoluble  in  acetic  acid. 
Concretions  of  oxalate  of  lime  have  been  found  in  some  of  the 
lower  animals,  as  well   as  in   man.     Front  considered  its  occur- 


cehaiine 
sre  not 


tan.  eombttied  widi  Hme  forai^  a 
iw  tmrih  calcuhis  (3  CaO^  K)y  wlikh  i& 
ianr  with  a  veiy  smootlft  iJffciffi,  md  is 
^%  Us  te&ture ;  these  laminse  are  oftoi  JtpoiitaJ 
from  the  nucleus.  The  bone  eanfa  calcutos 
^iamt  felie  Uow*pii)e  ;  it  is  readily  diasolml  bjr  Iijdio- 
jmI  tine  phosphate  of  lime  may  be  preci]HtBt)ed  firom 
11  n  gelatinous  state  by  the  addition  of  amiiwynta. 
WSiiirai  of  phosphatic  calculus  consists  of  the  pb06* 
and  ammonia  (H^NO,  2  MgO,  PO3).  It  is  doI 
iAiiii4»  aiul  is  spoken  of  by  the  older  writers  as  iripie phosphate* 
.  teittle^  and  more  or  less  crj-stalliiie  in  nti-ucture ;  it  ia 
1,  and  its  surface  is  uneven.  It  fuses  with  difficiJty 
e  blow.pipe^  emitting  an  odour  of  ammonia:  dilute  acids 
L  readily,  and  the  solution  when  neutralised  with  ammonia 
L  agaui  in  a  crystalline  form. 
^  A  third  species  of  phosphatic  concretion  is  thBfimile  calcutm, 
Ifllk  eousists  of  a  mixture  of  the  two  preceding  varieties.  It  is  of 
paat  occurrence^  and  forms  white  friable  masses  which  are  rarely 
[laiAAUiated,  and  often  acquire  a  large  size.  This  form  of  calculus 
readily  before  the  blow-pipe;  it  is  soluble  in  dilute  acids,  from 
\dyi;li  oxalate  of  aninionia  separates  lime,  and  pure  ammonia  throws 
down  phosphate  of  magnesia.  When  the  occurrence  of  phosphatic 
4cposits  is  haliitual,  it  always  indicates  a  state  of  coustitiitioa 
ISD^crvly  disordered.  Occasionally  these  phosphates  are  secreted 
the  lining  membrane  of  the  bladder  in  large  quantity,  forming 
-f  %  i»ortar-like  mass  of  concretions.  The  earthy  phosphates  are 
tetioduced  into  the  system  in  considerable  quantity  in  the  seeds  of 
Iheccrealia ;  beer  contains  so  much  phosphate  of  magnesia,  that,  on 
tukiing  ammonia,  the  double  phosphate  of  ammonia  and  magnesia 
b>  pi-ecipitated  in  abundance. 

The  phosphates  are  also  common  ingi*edients  of  calculi  in 
herbivorous  animals:  in  many  iuHtauces  tliey  appear  to  be  deposited 
from  the  urine  simply  from  the  development  of  free  alkali,  either 
owing  to  the  decom|>osition  of  the  urea^  or  to  excess  of  alkaline 
matter  introduced  from  without* 

Compound  calculi  are  not  unfrcquent ;  they  are  formed  of  a  sue- 

Mon  of  laminse,  composed  of  one  or  other  of   the   foregoing 

For  instance,  uric  acid,  oxalate  of  lime,  and  fusible  cal- 

-^a«nes  occur  in  successive  layers  in  the  same  calculus. 
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7  and  8.  The  characters  of  the  rare  calculi  contain mg  the  com- 
pounds known  as  wanthic  and  as  cystic  oxide  have  been  already 
described  (1396). 

The  further  prosecution  of  this  subject  belongs  more  properly  to 
a  work  devoted  to  pathology  than  to  one  treating  of  general  che- 
mistry. For  the  microscopic  appearances  of  the  various  sulistances 
deposited  from  the  nriee,  the  reader  is  referred  to  Golding  Bird^s 
treatise  ou  urinary  depoi^itSj  and  to  Beale^s  treatise  on  the 
microscope, 

(1449)  The  urine  in  disease  undergoes  other  important  modifi- 
cations in  its  constitution  :  two  only  of  these  will  Lc  adverted  to  on 
the  present  occasion. 

Diabetic  Unm^ — In  the  disease  termed  diabetes  the  urine  is 
found  to  contain  a  large  quantity  of  grape  sugar,  which  is  entirely 
wanting  in  the  healthy  wtate  of  the  secretion.  The  source  of  tliis 
sugar  lies  in  the  faulty  digestion  of  the  food.  The  sugar  appears 
to  be  absorbed  directly  from  the  alimentaiy  canal  into  the  blood, 
and  is  tlicnce  separated  nnchaugcd  by  the  kidney.  Dr*  Percy  has 
found  that  sugai*  when  injected  into  the  blood  is  separated  in  an 
unaltered  fonn  in  the  urine.  The  quantity  of  sugar  which  is 
excreted  in  twenty- four  houi-s  by  patients  sufleriug  from  dia- 
betes is  frequently  enormous,  amounting  in  some  cases  to  up- 
wards of  i^lb.  of  solid  glucose.  The  proportion  of  sugar  ex- 
creted in  this  disease,  is  greatly  under  the  control  of  the  diet ; 
substances  which  eoutaiu  much  amylaceous  or  saccharine  matters^ 
such  as  bread  and  potatoes,  always  occasion  the  secretion  of  a 
larger  quantity  of  sugar :  under  the  use  of  opium,  and  an  animal 
diet,  the  saccharine  matter  is  very  considerably  diminished. 

If  sugar  be  present  in  the  urine,  its  presence  may  be  inferred 

vhj  the   employment  of  Trommer^s   test,  in    which    the  reducing 

i  action  of  glucose  upon  the  salts  of  copper  is  taken  advantage  of. 

The  urine  is  first  rendered  strongly  alkaline  by  tlie  addition  of  a 

solution  of  potash,   a  few  drops  of  sulphate  of  copper  in  solution 

are  added ;  on  agitation,  the  hydrated  oxide  of  copper,  which  is  at 

first  precipitated,  is  redissolved ;  and  upon   boiling  the  liquid,  the 

.yellow  hydrated  suboxide  of  copper,  which  is  speedily  converted  into 

the  red  anhydrous  suboxide,  is  throwTi  down.     If  this  reaction  does 

not  occur,  no  sugar  is  present.    Since,  however,  other  bodies  besides 

sugar  exercise  a  similar  reducing  influence  on  the  oxide  of  copper^ 

the  presence  of  sugar  should  be  fiulher  confirmed  by  the  test  of 

fernjentation.     In  order  to   apply  this   test,  a  small  quantity  of 

yeast  is  added  to  a  portion  of  the  urine,  which  is   placed  in   an 

inverted  tube  over  mercury,  and  exposed  to  a  temperature  of  80°; 
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atcly  cUuiiaished,  lu  fact  processes  occur  upon  the  surface  of 
the  skin,  which  resemble  those  both  of  the  kidney  and  of  the 
lungs  :  thus,  like  the  kidneys,  the  skin  excretc^j  nitrogen  and 
acid  substances  as  well  as  the  chlorides  ;  and,  like  the  luuga,  it 
separates  large  quantities  of  carbonic  acid  and  aqueous  vapour. 
The  actions  of  the  skin,  and  of  the  kidneys  and  lungs,  are,  there- 
fore, though  to  a  very  limited  extent,  vicarious ;  aud  when  the 
functions  of  the  skin  are  seriously  interfered  with,  it  usually 
happens  that  derangements  more  or  less  serious^  either  of  the 
kidneys  or  of  the  lung8j  occur, 

(1451)  3*  SoLin  Excrements. — After  the  chyle  has  been  ah- 
sorljed  into  the  system  during  tlie  gradual  passage  of  the  mixed  con- 
stituents of  the  food  through  the  intestinal  canal,  those  parts 
which  are  destined  to  become  excrement itious  gradually  acquire  a 
fiecal  odour,  and  ai'e  at  length  rejected  from  the  body*  Tlic  com- 
position of  these  excrementitious  matters  necessarily  exhibits  great 
variations,  which  depend  mainly  upon  the  natm'e  of  the  f(X)d  taken. 
Berzelius  found  a  specimen  of  hmnau  excrements  which  he  ex- 
amined, afler  the  use  of  an  ordinary  mixed  diet,  to  contain 
three-fourths  of  its  weight  of  water,  the  rest  consisting  of  biliary 
matter  aud  alimentary  debris.  A  large  quantity  of  phosphates  of 
lime,  and  of  magnesia,  and  other  insoluble  salts  of  the  food  are 
obtained  on  incinerating  the  dried  residue.  Playfair  found  in 
a  sample  wliich  he  examined  about  15  per  cent,  of  nitrogen  in 
the  dry  residue,  and  45  per  cent,  of  carbon.  The  ratio  w^hich 
these  numbers  bear  to  each  other  does  not  differ  much  from  that 
which  represents  the  proportion  of  the  same  elements  in  fresh  muscle, 
which  likewise  contains  thrce-fonrths  its  weight  of  water.  According 
to  Lie  big  the  total  average  weight  of  fseculcnt  matter  in  its  recent 
state  excreted  by  a  healthy  adult  in  twenty-four  hours  amounts  to 
5^  ounces.  The  offensive  odour  of  faecal  matter  is  due  to  some 
intermediate  products  of  oxidation*  These  odorous  substances  have 
not  been  accurately  examined,  but  they  may  be  produced  artiti- 
cially  by  fusing  casein  with  hydrate  of  potasli,  as  in  the  prepara- 
tion of  tyrosine  {1380).  This  odour  is  of  a  different  nature  and  of  a 
more  putrid  character  when  the  quantity  of  bile  secreted  is  below 
the  usual  amount. 

Dr.  W.  Marcet  states  that,  from  healthy  hnmau  excrement,  he 
has  obtained  a  peculiar  cry  stall  izable  principle  which,  from  its 
origin,  he  terms  excretine;  he  found  it  to  contain  nitrogen  and  sul- 
phur,- it  has  a  feebly  alkaline  reaction,*  it  fuses  at  a  little  above 
200^,  aud  is  insoluble  in  water  aud  in  a  solution  of  potash^  but  is 
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eacii  affording  support  and  nutriment  to  the  other.     The  principal 
fimctions  of  the  phint  and  of  the  animal  may  be  contrasted  thns  ; — 

Animals 

Produce  and  evolve  water  and 
carbonic  at'id. 


They  absorb  oxygen. 
I  They  produce  and  emit  urea,  and 
<     other  aaotised  compounds  which 
[    yield  anitnODia. 

{Tney  posaeea  the  power  of  loco- 
TOOtion. 
Their  actions  are  under  the  con- 
trol of  the  wilL 
Their  growtli,  and  Uie  abaorptioii 
of  depoHited  matter  in  the  advdt, 
go  on  pari  pastu. 


JPlanU 

Decompose  water  and  carbonic  ) 
acid.  J 

They  evolve  oxygen. 

They  absorb  and  aasimilate  nitric  ) 
acid  and  ammonia.  ) 

They  are  fixed  in  the  soil. 

They  have  no  power  of  voluntary 

action. 
Their  growth  ia  continuous,  and  J 

there  is  no  absorption  of  matter  > 

once  deposited.  ) 

Two  important  functions  have  been  allotted  to  the  vegetable 
creation,  one  of  which  consists  in  the  elaboration  from  inorganic 
matter  of  the  various  materials  necessary  to  the  support  of  animal 
life;  the  other  consists  in  the  removal  of  carbonic  acid  from  the  atmo- 
sphere, the  plant  retaining  the  carbon  and  fixing  it  in  its  tissues, 
whilst  the  oxygen  is  restoi*et!  to  the  air.  These  wonderful  changes  are 
produced  by  the  actions  of  tlie  vegetable  cell ;  each  cell  jjossessiDg  a 
separate  and  independent  power,  by  means  of  which  it  is  enabled  to 
Rssirailate  new  matter;  from  this  assimilated  matter  it  produces  new 
cells,  and  these  in  like  manner  multiply  and  produce  innumerable 
other  cells.  These  successive  developments  of  vegetable  cells  may  be 
readily  watched  under  the  microsco|ie  in  the  case  of  the  growth  of 
the  globules  of  yeast  {954).  Tlie  compounds  protluccd  in  the  yeast 
globules  are  cellulose,  which  forms  the  cell  membrane,  and  tlie  in- 
ternal substance,  which  contains  a  body  allied  to  albumeu.  The 
plant-cell  in  the  case  of  yeast  does  not  elaborate  the  azotised  pro- 
duct, but  assimilates  it  from  the  solution  in  which  it  grows ;  there 
is,  however,  no  doubt  that  albumen  is  elaborated  in  other  instances 
by  the  vegetable  cell : —  in  the  wheat  plant,  for  example,  the  azotised 
gluten  is  stored  up  in  the  seed,  and  in  this  ease  it  can  only  be  derived 
from  the  inorganic  materials  of  the  soil  and  of  the  atmosphere. 

But  the  mere  existence  of  an  organized  structure,  even  when 
I  animated  by  the  vital  force,  is  not  sufficient  to  produce  these 
'  results  of  vital  activity.  It  is  necessary,  in  addition,  that  the 
plant  be  exposed  to  a  temperature  ranging  between  40"*  and  90% 
and  to  a  certain  degree  of  moisture.  In  the  higher  manifestations 
of  plant  life,  solar  light  is  also  essential.  If  at  any  time  the  tem- 
perature fall  so  low  that  the  plant  is  frozen,  its  vitality  is  destroyed, 
and  the  delicate  structures  of  the  tissues  are  impaired  by  the  soli* 
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JHSotiom  and  fijicible  ^pansioD  of  die  juices  mhich 
Idfe  k  also  destroyed  not  leas  ooiDpIcte]j  bj  exposun 
Ofgaaiaii  to  a  temperature  of  212^^  or  eTen  lo  one  ooni 
bdovr  tltat  pomt.  The  higher  oidert  of  pUiits  Teqmre  I 
(liD  derdofnoent  that  tbej  shall  be  rooted  in  a  eoogemalJ 
be  supplied  freely  with  air  and  mcktore. 

A  plant  in  a  state  of  health  is  eootintiallj  undergoing  i 
increftse^  hoverer^  maj  either  be  cbedied  or  facilitated  by  na 
nderwhidi  it  is  placed.  In  order  that  the 
this  dcvdopBienl  mar  ha  moie  fully  nndersti 
lo  examine  what  the  materials  are  of  i^hich  this 
and  whence  they  are  snpplied.  In  all  plants  U 
two  distinct  sets  of  substances  present ;  one  of  these  ts  of 
its  nature  and  is  represented  by  &ugar,  starchy  wood,  albune 
the  other  is  inorganic,  and  is  represented  by  the  Taiious  sal 
in  the  ashes  of  plants.  The  materials  from  which  the 
potindn  are  formed  mnst^  therefore,  be  supplied  in  some  I 
other  to  the  growing  plant;  in  fact,  they  constitute  its  fo< 
pcriment  has,  however,  proved  that  the  form  in  which  these 
arc  presented  to  the  plant  is  by  no  means  unimportant^ 
elemchtfiry  bmljcii,  with  the  exception  of  oxygen,  are  nerer 
asMiniihittcl ;  tliey  must  previously  have  entered  into  com 
in  Monie  form  or  other*  The  compound  constituents  of  th< 
pliiiiti*  arc  f»n|H)lHM!  from  two  Bouroes,  the  atmosphere  and 
Tl*o»c  furiiifthed  by  Ihc  atmosphere  consist  chiefly  of  carboi 
water,  ammonia^  and  nitric  acid  ;  while  the  saline  compouni 
viiry  witli  the  nature  of  the  plant,  arc  derived  from  the  so 
out  thcHC  diflerent  articles  of  fooil,  viz,,  carbonic  acid,  wa 
monia,  and  the  salts  of  the  «ioil,  plants  could  no  more  con 
exist  than  animals  could  do  if  deprived  of  their  natural  ml 
Tlic  root  of  a  plant  may  he  considered  as  its  mouth, 
leaves  as  its  lungs.  When  a  shower  of  rain  descends  thrc 
air,  it  carries  with  it  all  the  soluble  mattci^  which  that  p< 
the  air  contains;  these  soluble  matters  consist  chiefly  of 
acid,  with  minute  quantities  of  carljonate  and  nitrate  of  ai 
The  carlwnic  acid,  as  we  have  already  stated,  is  abuiidai 
nijihed  by  t!ie  processes  of  respiration  in  animaU,  by  com 
aud  by  a  variety  of  other  sources.  The  ammonia  is  fi 
nminly  by  the  putrefaction  and  partial  oxidation  of  animal 
gctable  niatterij,  and  is  prcincnt  in  the  air,  in  a  quantity  i 
ujjiiute  than  carbonic  acid,  but  still  in  appreciable  quantiti 
Nitric  «"'^'  '*"  produced  whenever  a  flash  of  lightninj 
throi  ttir^  and  this  compound  is  generated  evi 
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Silent  {lisdjarges  of  electricity  take  place.  Every  shower  of  rain 
which  ftilb  to  the  earth,  thus  di^olvcs  and  carries  with  it  food  for 
Tegetation ;  charged  with  these  nntritive  materials,  the  water  per- 
colates through  the  soil,  from  which  it  takes  up  small  quantities  of 
soluble  salts.  It  thus  arrives  at  the  sjxjngioles  of  the  roots,  where 
it  is  absorbed  and  caiTied  np  by  the  ascending  current  of  sap,  to 
the  leavei*,  and  to  the  remotest  extremities  of  the  branches,^  where, 
under  the  intiuence  of  some  azotiscd  matter^  and  of  the  solar  light, 
the  carbonic  acid  undergoes  a  remarkable  change :  a  portion  of  the 
water  likewise  experieuces  decomposition,  in  consequcuee  of  which, 
oxygen  gas,  mingled  with  a  quantity  of  nitrogen  varying  from  one- 
half  to  one-tenth  of  the  bulk  of  tlje  oxygen,  is  given  out.  Sup* 
posing  that  this  decomposition  be  effected  upon  carbonic  acid  and 
water^  in  the  pmportiou  of  one  etpuvalent  of  each  of  tlie&e  com- 
pounds, a  substance  would  be  formed,  having  the  same  ultimate 
composition  as  fructose,  or  fruit-sngar;  COg  +  HO  —  O2  —  ClIO^ 
or  12  (CO.^  -h  HO-OJ^Ci^IIiAs' 

Sugar  indeed,  appears  to  be  the  basis  or  foundation  of  organic 
matter  in  general,  and  from  it  all  the  varieties  of  organized  pro- 
ducts might  be  obtained,  by  the  addition  or  subtraction  of  water, 
oxygen,  and  ammonia.  If  fructose  (C,2H|20j2)  be  deprived  in  the 
plant  of  2  equivalents  of  water,  starch  or  cellulose  is  the  result,  and 
starch  may  again  be  brought  into  solution  when  necessary  for 
the  plants  by  the  action  of  diastase,  or  of  some  principle  which  acts 
as  a  ferment,  and  enables  it  to  resume  the  water  which  it  had 
lost.  The  latter  change  actually  take^  place  during  the  germi- 
nation of  seeds,  which,  when  moistened,  swell  and  absorb  oxygen, 
whilst  carbonic  acid  is  emitted,  and  the  starch,  under  the  influence 
of  diastase  is  converted  into  sugar,  in  which  form  it  serves  as  food 
for  the  yoking  plant.  If  the  growth  of  tlie  seed  l>e  checked  at  a 
particular  stage  by  suddenly  raising  the  temperature,  the  greater 
part  of  the  starch  will  be  found  to  have  disappeared  from  the  seed, 
and  its  place  will  have  been  taken  by  sugar;  these  being  in  fact 
the  changes  which  occur  in  the  process  of  malHn^  (940)  ►  But,  if 
germination  be  aUoweil  to  proceed,  the  starch  and  the  sugar  gra- 


•  Although  it  has  been  stated  that  the  prificipal  fiupply  of  carbonic  acid 
is  famished  to  the  plant  in  solutioQ  in  water  which  i*  absorbed  from  the  soil 


by  the  roots,  it  must  not  be  forgotten  that  the  leavca  also  present  powerfully 

ahsorbent  aurfaces,  and,  like  the  lungu  in  animiils*,  not  only  minii^ter  to  the 

apiration  of  the  organiflra^  but  are  frequently  the  inlet  of  a  variety  of  sub- 

aocea  which  are  capable  of  a««im  tint  ion,  m  well  ad  of  those  that  are  not 

I,    Carbonie  acid,  in  particular,  ia  ftbsorhecl  by  the  leaves  with  great  rapidity, 

haa  b^ea  showa  by  tho  experiments  of  Pepys  aad  others* 
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corresponding  to  oil  of  turpentine^  and  forming  the  basis  of  many 
of  the  resins;  20  CO^  -f   16  HO  —  56  O  —  C^,lIio. 

The  complicated  axotised  principles  raay  be  also  traced  in 
theory  to  grape-sugar;  thus; — 

Truftm^.  Prut«ib. 

3  (Ci,H,A,)+4  H,K  =  C3«lIa7NAi  +  2i  IIO  +  O3. 

The^e  equations  have  been  given  with  the  view  of  pointing  out 
the  simple  relations  of  sugar  to  the  various  organic  acids,  and 
not  with  any  intention  of  asserting  that  the  changes  whicli  they 
indicate  actually  take  place  in  the  form  thus  represented,  though 
it  is  obvious  that  some  such  changes  must  occur.  Sugar  or  gum, 
and  starch  or  ligneous  fihre,  are  amongwt  tlie  most  abundant  and 
generally  diffused  vegetable  productions,  and  it  is  very  probable 
that  these  bodies  may  furnish  the  materials  from  which  the  various 
vegetable  acids  and  other  simpler  coiupouuds  of  vegetalile  origin 
are  obtained  :  but  if  this  hypothesis  be  doubted,  there  is  no  diffi- 
culty in  tracing  these  acids  and  the  other  bodies  to  the  carbonic 
acid  and  water  upon  which  tlic  phant  operates.  For  instance^ 
oxalic  acid  might  be  produced  from  carl>ouic  acid  and  water  by 
the  followiug  changes;  4  CO^  +  2  110—02=  2  HO,  Cp«.  In 
the  case  of  malic  acid,  the  changes  might  be  the  following : 
8  COa  +  6  HO— 0^3- 2  HO,  C.,Hp^;  and  so  on  with  the  others. 

It  is  impossible  in  the  existing  state  of  our  knowledge,  to  trace 
the  cause,  or  even  the  exact  nature,  of  the  clianges  produced  in  the 
various  tluids  which  circulate  in  the  plant  or  in  the  animaL 
The  theory  which  has  the  strongest  apparent  analogies  in  its 
favour,  is  that  by  the  presence  of  some  albuminous  ferment, 
analogous  to  dia&tase,  or  to  synaptase,  an  elimination  of  various 
compounds  takes  place  in  particular  organs,  just  at  those  points 
where  these  ferments  are  deposited.  It  is  further  supposed  that  the 
same  complex  organic  fluid  is  capable  of  undergoing  changes  differing 
with  the  nature  of  the  substance  which  excites  fermentation,  and 
that  hence  it  happens,  that  the  same  Huid  may  de^josit  in  different 
tissues,  secretions  possessed  of  very  ditierent  qualities  {939).  The 
substances  thus  produced  must  necessarily  be  complementary  to 
each  other:  that  is  to  say,  the  product  of  secretion  and  the  altered 
fluid  which  furnishes  itj  taken  together,  must  contain  the  same 
elements  as  the  original  substance  from  which  they  were  produced. 
It  must,  however,  be  confessed  that  the  foregoing  hypothesis 
affords  no  explanatioD  of  the  manner  in  which  conipouiids  previ- 
ously existing  in  the  circulating  fluid,  as  urea  is  known  to  do  in  the 
bloodj  ai"c  separated  from  it  by  the  ordinary  operation  of  secretioii. 
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material  which,  like  peroxide  of  nian^anesCj  furnishes  oxygen, 
formie  acid  is  one  of  the  products.  In  like  manner^  under  the 
influence  of  potash,  the  natural  fats  and  oils  are  decora  posed  into 
fatty  aeids  and  glycerin,  Aualogoos  changes  may  be  supposed  to 
occur  under  the  influence  of  acids  and  of  alkalies,  in  the  yet  more 
subtle  chemical  operations  which  are  constantly  occurring  in  the 
organs  of  living  plants  and  animals,  by  which  the  aiTangemcnt  of 
their  components  is  modified  and  altered.  In  other  cases,  the 
obvious  use  of  the  saline  matters  is  to  furnish  a  skeleton  or  support 
for  the  plant.  This  is  clearly  the  principa!  use  of  silica  in  the  stem 
of  the  grass-tribe,  and  of  oxalate  of  lime  in  many  of  the  lichens. 

It  has  already  been  remarked  that  the  food  of  plants  is  derived 
from  two  sources,  viz.,  the  atmosphere  and  the  soil.  From  the 
atmosphere^  carbonic  and  nitric  acids,  ammonia  and  water  are  sup- 
plied ;  whilst  from  the  soil  are  furnished  the  various  saline  mate- 
rials necessary  to  the  liealthy  growth  of  tVie  plant.  Now,  in 
certain  eases^  all  these  materials,  with  the  exception  generally  of 
carbonic  acid  and  water,  tnay  lie  present  in  quantity  too  scanty  to 
produce  a  luxuriant  crop,  and  tlic  great  practical  problem  sub- 
mitted to  the  farmer  for  solution  is  the  discovery  of  the  nature 
of  the  missing  materials  iu  any  given  case  ;  and  of  the  means 
by  which  these  missing  materials  may  be  most  cheaply  and  eticc- 
tually  supplied. 

When  a  crop  is  earned  off  from  the  laud,  it  necessarily  takes 
with  it  a  certain  amount  of  mineral  matters.  If  these  mineral 
bodies  be  present  in  the  soil  in  small  tjuantity,  and  if  fresh  crops 
be  continually  carried  off  witliout  provision  for  the  return  of  the 
matters  so  removed,  the  land  will  in  process  of  time  become  ex- 
hausted of  one  or  more  of  these  Tiecessary  ingredients,  and  sterility 
will  be  the  inevitable  result.  One  great  object  of  the  farmer  in 
manuring  his  land  is  to  restore  these  sparingly  distributed  but  essen- 
tial saline  bodies  in  proportion  as  they  ai*e  removed  from  the  farm 
iu  the  form  of  corn,  of  straw,  of  hny,  or  of  stock  which  have  bccu 
reared  upon  the  produce  of  the  laud. 

It  is  manifest  that  a  fertile  soil  should  retain  its  fertility  if  the 
manure  supplied  restore  exactly  those  substances  which  previous 
crops  had  removed.  There  arc  few  substances  which  more  nearly 
fulfil  this  purpose  than  farm-yard  manure  ;  because  the  salts  and 
mineral  ingredients  present  iu  the  food,  pass  off  almost  wholly 
into  the  excretions  of  the  animal ;  and  thus,  the  ingredients 
restored  so  fiir  as  the  supiily  extends,  are  nearly  identical  with  those 
which  have  been  removed  ;  since,  if  the  ash  obtained  from  a  given 
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weight  of  any  specific  crop  be  compared  with  the  ash  obtaiucd  by^J 
burning  the  excreta  of  animals  fed  upon  an  equal  quantity  of  tbe^^f 
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same  crop,  the  composition  of  the  ash  in  the 
nearly  identical. 

It  is,  however,  well  known,  that  the  recent  droppings  of  cattle] 
are  far  more  cfiectual  as  manure,  than  the  ashes  of  such  mant 
when  burned ;  partly,  because  the  recent  manure  contains  carbomi 
in  a  form  which,  during  ita  decay  within  the  soil,  gradually  sup- 
plies carbonic  acid  to  the  roots  of  the  plant  ;  but  chiefly,   as  it 
appears,  because  it  contains  a  large  proportion  of  nitrogeu,  which, 
during  its  putrefaction,  furnishes  ammonia,  or  some  other  azotisedl 
compound,  in  a  form  suited  to  the  wants  of  the  growing  crop. 

It  is  owing  to  similar  causes  that  night-soil  and  urine  poweaij 
so  high  a  value  as  matiure.    They  are  much  richer  in  nitrogenia 
compounds,    and    in    phosphates,   than   farm-yard  manure ;    and 
indeed,  they  contain  all  the  saline  constituents  of  the  corn  an^ 
animal  food^  as  well  as  almost  all  the  nitrogen  of  the  azotised 
stituents  of  the  food  wliieh  had  been  conveyed  into  the  stomacl 
whether  those  azoiised  constituents  had  been  assimilated  or  not 
The   Chinese   have  long  been  aware  of  the   importance  of  the 
materials  as  manure,  and  they  collect  and  carefully  restore  to  the 
fields  that  which  we  in  the  pride  of  superior  civilization  discharge 
into  sewers,  and  wasteful !y  consign  to  the  ocean,   after  allowing 
it  to  accumulate  in  offensive  mud-banks  within  oiir  tidal  rivers, 
upon  the  shores  of  which,    by  the  ebb  and  flow  of  the  tide,  it  is 
alternately  exposed  to  the  heat  of  the  sun  and  to  the  action  of  the 
water,  under   circumstances   tlie  most    favourable  to    its  deoom- 
po^^ition,  in  consequence  of  which   it  is  constantly  contaminating 
the  atmosphere  of  our  large  towns  with  its  sickening  effluvia*        ^M 
(1453)  Varieiies  of  SoH, — In  onier  to  render  the   chemical* 
action  of  manures  intelligible,  it  will  be  necessary  to  take  a  rapid 
survey  of  the  principal  kinds  of  soil,  and  of  the  nature  of  the  salin^H 
ingredients  required  by  ordinary  farm  crops  during  their  growth.  ^^ 

Soils  vary  greatly  in  physical  characters,  as  well  as  in  chemical 
composition.      A  soil   may,  tor   example,  be   described    as   sandu^M 
clayey^  tnaiiy,  or  calcareous,  according  as  silica,  altjmina,  or  lira^H 
is  the  prevailing  ingredient.     The  land  will  also  be  porous  or  stiff, 
moist   or   dry^  partly  owing    to    these    peculiarities,    and    partly 
owing    to   its   geological    position ;    according    as    it    rests    upo^^ 
sand,  upon  chalk,  upon  gravel,  or  upon  clay  ;  ita  character  w^^| 
also  vary,  partly  owijig  to  its  site,  according  as  it  lies  high  or  low, 
and  as  its  surface  is  inclined  or  horizontaL      But  these  consider- 
****""*  though  of  high  importance  to  the  agriculturist,  lie  beyond 
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,-tLe  province  of  tlie  chemist,  whose  princitml  attention  must  pri- 
marily he  directed  to  tlie  chemical  peculiarities  of  tlie  soiL  lu 
order  that  a  Boil  be  fertile  it  mnst  not  only  be  well  drained 
and  sufficiently  watered,  bnt  it  must  possess  a  certain  quantity 
both  of  organic  and  of  saline  ingredients. 

Seeds,  it  is  true,  in  some  ctiscs  may  be  made  to  germinate 

"^and  develope  plants  upon  flannel,  or  in  well-waslieil  siliceous 
sandj  if  duly  moistened  from  time  to  time  with  distilled  w^ater. 
Tlie  plants  thus  obtained  may  even  sometimes  flower ;  bnt  they 
never  produce  fertile  seed  ;  and,  if  these  plants  be  burned,  the 
weight  of  the  ash  which  they  yield  never  exceeds  that  of  the  ash 
yielded  by  a  quantity  of  seed  equal  to  that  from  which  the  plants 
were  raised.  By  adding  suitable  saline  mijttures  to  washed  siliceous 
sand,  Wiegmaun  and   Polstorf,   however,  obtained  tobacco,  oats, 

-barley,  and  other  plants  in  healthy  growth,  which  furnished  per- 
fect seed.  In  these  cases  the  plants  hatl  been  supplied  with  those 
materials,  the  absence  of  which  had  in  the  pi*evious  experiments 

.prevented  their  mature  development.  It  miLst  not,  however,  be 
hastily  concluded  from  these  results,  that  organic  manm'es  can 
advantageously  be  dispensed  with  in  agriculture;  experience  has 
fully  proved  that  a  judicious  combination  both  of  organic  and  of 
ftaline  manures  is  esseutial,  and  it  is  owing  to  ignorance  of  this 
fact  that  many  of  the  patent  mineral  manures,  when  nsed  alone, 
have  so  signally  failed, 

Diflerent  classes  of  plants,  in  order  to  the  jiroduction  of  a 
luxuriant  gi^owth,  require  a  soil  possessed  of  physical  qualities 
which  must  vary  according  to  the  kind  of  crop;  and,  in  addition 
to  this,  each  siK?cies  of  plant  requires  a  variation  in  the  chemical 
composition  of  the  soil,  suited  to  its  peculiar  habits.  The 
prevailiug  and  most  aliundant  components  of  the  soil,  whctlier 
tiicy  be  sihceous,  alyminoiis,  or  calcareous,  are  not  those  which 
exert  the  greatest  influence  upon  the  development  of  the  plant. 
They  simply  constitute  the  matrix  in  which  the  plant  grows ;  and 
this  matrix  is  more  or  less  fiivoinablc  to  its  growth,  according  as 
its  physical  character  is  more  or  less  conformed  to  the  wants  of 
the  plant ;  but  the  chemically  active  constitueiits  of  the  soil  con- 
sist of  certain  soluble  saline  compounds  which  are  generally  found 
in  it  in  comparatively  small  quantities.    In  natin^  and  fertile  soils 

-  these  salts  are  already  present,  either  in  an  active  or  soluble  form,  or 

\ehe  in  the  passive  or  insoluble  condition,  stored  up  in  rocks  which 
lave  not  as  yet  become  disintegrated  by  exposure  to  the  weather, 

( 1 453  ^'^)  ^^^^if/^  Ciamjicaihn  of  Crops  by  their  Ashes,  — In 
order  to  ascertain  the  natm'e  of  the  salts  which  arc  essential  to  the 
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The  results  of  8ucli  analyses  suggest  a  probable  reason  why 
plants  of  diflercut  species  do  not  all  tfirive  equally  well  in  a 
soil  which  may  be  highly  productive  for  a  particular  crop ;  since  a 
soil  which  abonndsin  the  saline  matters  required  by  one  crop,  may 
be  deficient  in  the  ingredients  necci^sary  for  the  full  development 
of  plants  of  a  different  species.  Root  crops,  and  succulent 
plants  generally,  require  abnriclance  of  alkaline  and  calcareous 
salts ;  and  experience  has  sbown  that  the  green  shoots  of  all 
plants  are  those  which  contain  these  constituents  in  the  laj'gest 
proportion ;  the  grass*es,  atjd  plants  witli  stiff  but  not  woody 
stemSj  are  rich  in  silica  ;  while  t be  grain  crops,  and  seeds  in  general, 
as  well  as  tliosc  plants  which  are  richest  in  azotiscd  nutritive  mate- 
rials, al>ound  in  the  phosphates  of  the  alkalies  and  of  the  earths. 

Not  only  does  the  comjxjsition  of  the  ash  vary  in  different 
plants,  hut  its  quantity  varies  also  within  wide  limits.  According 
to  the  estimate  of  Johnston,  a  ton  of  each  of  the  following  sub- 
stances in  its  un dried  condition,  contains  upon  the  average  the 
under-mentioned  propoi^tions  of  ash  : — 

Oup  Ion  of 

Potato  tops  contains 
Turnip  tops        „ 
Hay  contains  from  90 — 180 
Pea  haultn  contains 
Bean  straw        ,^ 

It  is  evident  that  all  plants  must^  to  a  certain  exteutj  de- 
prive the  soil  of  its  saline  coraponentjj;  since  no  plant  adds 
anything  to  these  materials  which  already  exist  in  the  soil,  but  on 
the  contrary,  every  crop  that  is  carried  off  removes  with  it  a  cor- 
responding amount  of  mineral  materiaL  Owing,  however,  to  this 
important  and  undeniable  fact,  to  which  public  attention  was  first 
strongly  directed  by  Liebig,  many  persons  have  been  tempted  to 
overlot*k  the  necessity  of  organic  materials  in  the  manure  ;  and  con* 
siderable  disappointment  has  often  been  experienced  in  finding  that 
the  restoration  of  mineral  matters  to  the  soil  w^as  not  tlie  only  con- 
ditioti  required  to  renew,  or  to  preserve  its  fertility.  Messrs.  Lawes 
and  Gilbert  have  rendered  essential  service  to  agriculture  by  their 
admirable  researches  upon  tliis  point,  which  have  recalled  public 
attention  to  a  circumstance  of  cardinal  importance  to  the  agricul- 
turist. 
■  ( 1454)  Modes  0/  Action  of  Manures. — It  would  be  a  serious 

I      mistake  to  suppose  that  a  supply  of  the  proper  manure  can  always 
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tiiniip.*  It  is  ako  found,  and  apparently  for  similar  reasons^  that 
the  addition  of  silicate  of  potash  as  a  manure  does  not  materially 
strengthen  the  stem  in  wheat,  but  that  the  employment  of  am. 
moniacal  manures^  including  the  best  varieties  of  guano_^  enables 
large  crops  of  wheat  to  be  raided  for  Bcvcral  constecutive  years 
on  the  same  piece  of  land,  the  attimonia  appearing  to  supply 
nitrogen  to  the  ghiten  of  the  wheat,  and  acting  also  as  a  general 
Btiniulant  to  the  growth  of  the  plant.  But  although  this  has  been 
established  as  a  scientific  fact,  it  is  not  reoommended  that  this 
practice  Ijc  subistituted  for  the  system  of  rotation  at  present  in  use; 
though  it  appears  that  with  the  aid  of  nitrogenous  manures  wheat 
may  be  grown  in  larger  quantities,  and  more  irequently  in  the 
rotation,  without  iujury  to  the  fertility  of  the  soil. 

It  IS  a  matter  of  experieuec  that  land  which  will  not  grow  two 
remunerative  crops  of  the  same  kind  in  succession  (wheat  for 
instance)  without  intermediate  manuring,  wdl  yet,  after  a  succession 
of  turnips,  barley,  and  clover,  again  be  tit  for  wheat  with  compa- 
ratively light  manuring;  and  that  this  system  of  rotation  produces 
effects  similar  to  those  obtained  by  faUoiinng,  or  allowing  the  land 
to  lie  uneropped  for  a  year,  Lawcs  and  Gilbcrfc  consider  that 
clover  and  some  other  leguminous  crops  are  especially  valuable  to 
the  land^  by  supplying  a  quantity  of  nitrogenous  organic  matter  to 
the  soil,  in  a  form  particularly  well  cideuluted  for  assimilation 
by  the  succeeding  wheat  crop. 

It  is  generally  supposed  that  all  the  nitrogen  found  in  combina- 
tion in  plants,  has  been  obtained  by  the  plant  either  from  nitric  acid 
or  from  ammonia,  or  from  some  aaotised  compound  present  in  the 
soil  in  the  form  of  manure;  and  that  plants  have  not  the  power  of 
directly  assimilating  nitmgen  from  the  atmosphere.  It  appears 
probable  however,  that  the  leguuiinous  plants  generally  introduced 
by  the  farmer  in  rotation,  have  a  jvartienlar  aptitude  for  tx)ndensing 
a!id  retaining  the  nitrogen  which  is  presented  to  them  during 
their  growth,  and  that  they  store  it  up ;  so  that  by  the  debris  of 


•  An  interest ing  illustration  of  the  influence  of  the  developtnent  of  the 
root  upon  tkt^  nature  of  the  mnuure  rcquin^d,  ia  afforded  b}-  a  conipariitoii  of 
wheat  and  bflrley,  which  contain  similar  mineral  conatituenta  in  nearly  tbe 
Bame  proportions ; — ^wlieat  sown  in  autumn  makes  root  all  the  winter,  and  10 
euabled  to  extract  salinf  matters  from  the  soil  to  a  great  depth;  consequently 
it  is  seldom  benetited  by  mineral  manures  directly  applied,  though  it  is 
greatly  aflected  by  the  general  mineral  riches  of  the  m\\.  Barley,  on  the 
other  hand,  is  sown  in  spring  \  it  tlirowa  out  and  depends  upon  root  fibres 
nearer  the  surface,  and  is  frequently  much  benefited  by  the  use  of  manures 
containing  phospliutci. 


OF   MANURES. 


-  :€«  Abundantly  if  plouglicd  lutu  the  land, 

lit  fouree  of  iiitrogcu  to  sacceedi 

fT,  accumulates  but  a  compBratirely  snmQ 

[consequently  thrives  best  when  aided  by  the 

ifWitaiuing  that  clement.    Lawes  and  Gilbert, 

tl  the  addition  of  j  lb.  of  ammonia  per  ^cre 

BO*,  protiuccd  an  increase  of  about  a  bushd  of 

it  would  appear,  calculating  from   the  known 

:  4t  At  com  and  the  straWj  that  not  more  than  about 

t  quantity  of  nitrogen  supplied  in  the  manure  is 

gluten   of  the   seed^   in  the   straw,  and  in  other 

^H  *ecounts  for  the  beneficial  effects  of  the  rotation  of 
W^fposiDg  that  each  plant  in  succession  avails  itself  of 
.»^3rt^  which  were  unnecessary  to  the  preceding  crop.    The  i 
pp^imowing  appears  to  oive  a  certain  portion  of  its  efficacy 
I  disintegration  of  the  rocks^  under  the  united  influence 
<^^  iiO^Uire^  aud  alternations  of  temperature,  in  consequence  j 
^•>^^li^  various  subi^tances,  which  were  previously  insoluble,   aroi 
m^^  to  the    soluble  condition^  and  thue   rendered    aTailablel 
^^^  Hants  of  the  [succeeding  crop.    It  appears,  however,  probable, 
^^  1^  iccumtilation  of  compounds  containing  uiti'ogen  within  the 
-^Jltfittg  the  period  of  fallow,  ha.s  a  material  influence  upon  the 
^^mm0l  grain  crop;  but  further  experiments  are  still  needed  to 
^i^glme  the  theory  of  fallowing. 

tW  third  mode  in  whicli  manures  act,  viz.  by  the  infiueuce 
^^^  Ihey  exert  npoti  the  components  of  the  soil,  is  well  eatempli- 
^l4  te  the  application  of  lime,  tlie  most  important  uses  of  which 
^^^au  indirect  character,  although  undoubtedly  it  is  in  some 
^0^  beneficial  by  supplying  one  of  the  mineral  constituents 
^0g^ud  to  the  healthy  development  of  tlie  plant. 

l^ime  is  applied  to  the  laud  in  the  form  either  of  slaked  lime 
,  halk.      In  the  condition  of  slaked  lime  its  chemical  effects 
V,  i  tL'd  upon  l)oth  the  inorganic  and  the  organic  constituents  of 
^sciil*    By  its  action  n|Km  the  inorganic  constituents,  the  insoluble  j 
v  s  and  the  clays  are  decomposed:  and  potash,  soda,  alumina,  and 
>iu  are  set  at  liberty.    Lime  also  decomposes  salts  of  iron,  ren- 
^^^  its  oxide  insoluble;  it  likewise  partially  decomposes  common 
^  farming  carbouate  of  soda  and  chloride  of  calcium.    The  effects  ^J 
^^  the  organic  constitucuta  of  the  soil  arc  even  more  important ;  ^M 
j^  xi  upon  rich  peaty  soils  which  abound  in  orgauic  matter,  that 
i  hcfi)eiiciaj,^^j">ta  of  lime  are   most  evident.     In  such  cases 
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occasions  the  decom position  of  the  organic  matter,  and  gives  rise  to 
the  formation  of  carlx^nic  and  nitric  acids,  as  well  as  of  ammonia ; 
all  of  which  bodies  are  important  ingredients  in  the  nutriment  of 
the  young  plant ;  and  at  the  same  time  the  lime  also  liberates  the 
saline  constituents  of  a  former  vegetation^  leaving  them  in  a  state 
well  fitted  for  assimilation  by  the  growing  crop.  This  decay  in 
the  organic  matter  is  produced  by  the  simultaneous  action  of  lime, 
atmospheric  air,  and  moisture  :  it  therefore  takes  place  most  rapidly 
near  the  surface,  and  is  attended  with  the  formation  of  nitric  acid 
and  ammonia,  at  the  expense,  in  part,  of  tlie  nitrogen  of  the  at- 
mosphere, just  as  occurs  in  the  artificial  nitre  beds  of  Sweden, 
France,  and  other  countries  of  the  continent.  Similar  effects 
are  produced,  though  mnch  more  slowly,  by  the  action  of  chalk 
or  carbonate  of  lime;  and  the  beneficial  results  produced  by  the 
application  of  chalk  are  consequently  less  immediately  perceived, 
and  are  diffused  over  a  longer  period  of  time. 

In  connexion  with  this  indirect  action  of  manure,  it  may  be 
mentioned,  that  the  beneficial  effects  of  carbonic  acid  on  the  growth 
of  planta  arc  not  limited  to  its  direct  action  in  supplying  carbon 
to  the  crop  ;  it  performs  a  function  not  less  important  owing  to 
its  solvent  power.  The  carbonates  and  phosphates  of  lime  and  of 
magnesia,  and  the  oxide  of  iron  are  insohible  in  pure  water,  but 
they  are  all  dissolved  to  a  small  extent  by  water  charged  with  car- 
bonic acid,  aud  are  thus  rendered  available  to  the  nutrition  of  the 
plant. 

(1455)  Varieties  of  Manures, — It  has  already  been  statetl  that 
the  most  important  manures  are  those  which  are  fumislied  by  the 
excreta  of  animals ;  guano  is  one  variety  of  this  kind  of  manure  ; 
it  consists  of  the  decomposing  excreta  of  sea-fowl  which  have  fed 
upon  fish  ;  from  its  origin  it  abounds  in  phosphates  and  in  atnmo- 
niacal  salts;  farm-yard  nmnure,  both  solid  and  liquid,  and  night-soil 
and  urine  are  also  manures  of  a  similar  kind.  Phosphates  are  abun- 
dantly supplied  by  bone  dust,  whioli  also  contains  a  considerable 
amount  of  gelatin.  In  burnt  bones  the  gelatin  is  destroyed.  The 
so-called  coprofiles^  which  consist  principally  of  phosphate  of  lime, 
are  probably  debris  of  extinct  animals,  found  -in  the  tertiary  beds 
of  the  Norfolk  'Crag/  and  wheti  rednced  to  powder  and  mixoi  with 
about  half  their  weight  of  sulphiu-ic  acid,  furnish  one  source  of  the 
manure  which  is  known  as  superphosphate  of  time.  In  this  com- 
pound, the  sulphuric  acid  liberates  a  portion  of  phosphoric  acid,  under 
kthe  infinence  of  which  a  portion  of  the  bone  earth  is  rendered  soluble. 
In  the  foregoing  facts  we  see  strikingly  displayed  the  mutual  de- 
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referred  to  works  on  agricultural  chemistry,  particularly  to  Liebig*s 
*'A^cuUural  Chemistry/^  to  Johriston*«  ^*  Lectures  on  Agricultural 
Chemistry/'  and  to  tlie  paper*  of  Bouasingfiult,  in  the  Anuaies  tie 
Chimie,  of  Lawes  and  Cfilbert,  of  Way,  and  of  Voelcker,  in  the 
Journal  of  the  Royal  Agricultural  Society. 


§  IL  Nutrition  of  Aisimals. 

(1456^}  Chemical  Nature  of  the  Food  of  AninmU, — ^The  food  of 
animals  is  considerably  less  simple  than  that  of  plants.  Even  plants 
have  no  power  of  directly  assimilating  any  elementary  bodies  with 
the  exception  of  oxygeu,  though  few  compouuds  are  less  compii- 
cated  in  their  constitution  than  water^  carbonic  add,  and  ammonia. 
Animals,  on  the  other  baud,  appear  to  require  substances  which 
have  been  elaborated  by  the  organism  of  plants,  and  thus  brought 
nearer  to  their  own  more  complicate<l  structure. 

The  best  instance  of  an  aliment  fully  capable  of  supporting  life 
and  expressly  elaborated  for  that  purpose,  is  furnished  in  tlie  case 
of  milk.  Upon  this  the  infant  or  young  animal  lives  for  some 
time  exchisively,  thrives,  and  grows  rapidly  ;  and  as  Prout 
has  remarked,  it  contains  four  distinct  principles,  which  may  be 
taken  as  the  types  of  the  four  chief  varieties  of  alimentary  sub- 
stances. Tliese  types  are,  1.  the  aqueous  ^,  2,  the  Qlhuminous  or 
azotised,  represented  by  casebt ;  3.  the  saccharine^  supplied  by 
sugar  of  milk,  and  4.  the  ohaginom ;  to  this  ought  to  be  added, 
5.  the  saline,  which  is  equally  esseutiaL  It  might,  therefore,  be 
anticipated  that  a  snitahle  diet  should  contain  a  certain  proportion 
of  each  of  these  principles ;  for,  although  the  body  possesses  the 
power  of  altering  and  assimilating  food  to  an  extent  varying 
greatly  with  the  circumstances  under  which  it  is  placed,  yet 
experience  has  amply  demonstrated  that  no  one  of  these  principles 
can  be  wholly  wittdield  from  any  animal  of  the  higher  orders  for 
a  lengthened  period  without  producing  fatal  results.  It  has  been 
shown,  for  example,  when  animals  arc  fed  exclusively  upon  sugar, 
upon  gelatin,  or  upon  albumen,  that  they  die  of  starvation  ;  although 
when  these  different  materials  are  giveji  in  mixture,  the  animal 
lives  and  thrives.  It  has  also  been  observed  that  those  aliments 
which  are  admitted  to  be  the  most  nutritious,  and  which  are  most 
largely  used  as  articles  of  food,  are  those  which  contain  all  these 
principles  in  due  propoi-tion.  A  good  example  of  this  kind  is 
afibrded  in  bread  made  from  wheaten  flour :  its  starch  and  sugar 
represent  the  saccharine  principle,  its  gluten  furnishes  the  azotised 
■     or  albuminous  material;  water  it  of  coui'se  contains;  and  it  also 
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tain  thc5c  two  principal  raodilications  in  the  following  propor- 
tions, tiie  respiratory  materials  being  all  calculated,  lor  tlte  con- 
vcixiepce  of  comparison^  in  the  quantities  of  starch  to  which  they 
would  be  equivalent : — 

Re^ptrRtory 
Pksiifi  MuteriMU 

Aiotued  If  fttter,  rcckrjnpt)  •« 

Teal  €ontain5 lo  «     .    *     »  i 

Hare's  flesh lo  .     .     .     .  2 

Beef lo  ♦    ,    ,    .  17 

Horse  beans  ......  to  ....  22 

Peas      , 10  ....  53 

Fat  mutton *  10  ....  27  —11*33  fat 

Fat  pork 10  ....  30  ^    12*5  fat 

Cow-amilk     ......     10    ....    30      I  ^^[^^""^ 

^        C   10  4  sugar 

WomaD's  milk 10  ....  40 

Wheat  flour 10  ....  4<^ 

Oattni'al     .......  10  ....  50 

Hye  flour  . to  ...     *  57 

Barley 10  .     •     .     .  57 

Potatoes 10  .     .     86 — 115 

Bice 10  ...     .  133 

Fat,  sugar,  starch,  and  alcohol  must  be  regarded  as  articles 
which  supply  respiratory  materials  only ;  and  when  from  external 
circumstances,  such  as  exposure  to  cold,  there  is  a  greater  demand 
upon  the  respiratory  function,  there  is  an  instinctive  craving  for 
additional  quati titles  of  food  which  contain  these  substances,  by 
which  the  temperature  of  the  bi)fly  is  maintained  above  that  of  the 
surrounding  air :  thus  the  Laplander  and  the  Greeixlander  drink 
train-oil,  and  are  more  prone  to  excess  in  spirits  than  the  dweller  in 
ft  more  temperate  climate.  Alcohol,  it  must  be  observed,  is  not 
simply  a  respiratory  food :  it  acts  as  a  powerful  stimulant  upon  the 
nervous  system,  and  hence  its  effects  are  complicated.  It  is  gene- 
K  rally  noticed  that  persons  who  are  fond  of  pastry  and  sweetmeats, 
■  and  consume  them  largely,  have  but  little  inclination  for  wine  and 
alcoholic  drinks,  since  the  demand  for  respiratory  material  is  sup- 
plied by  the  saccharine  and  amylaceous  aliment  taken;  whereas, 
I  those  persons  who  indulge  largely  in  animal  food  have  a  greater 
craving  for  fermented  drinks,  which  no  doubt  operate  partially  in 
supplying  the  deficiency  in  respiratory  materiala  that  such  food 
exhibits. 
The  azotised  iiigredienta  of  the  food  likewise  evolve  heat  in 
the  act  of  oxidation ;  but  since  tliese  materials  constitute  the  more 

■     highly  elaborated,  and  less  abundant,  yet  indispensable  components 
of  the  food  of  animals,  such  a  mode  of  consuming  them  must  be 
considered  as  extremely  wasteful ;  whilst  at  the  same  time  these 
_  3  B  2 


fooc^l 


|ierfeetly  adapted  than  true  respiratory  food,  foi 
>  oi  anitual  heut« 
lAr  table  above  quoted  it  appears  that  in  milk  and  in 
rarteties  of  corn,  (which  are  the  roost  perfecrt  formi 
tDatter^)  the  proi»ortion  which  the  plastic  bear  to  thij 
HllwynilurY  materials,  are,  i  of  the  former,  to  from  3  to  6  of  the 
I|Mp*  *r^^  proportions  of  these  components,  boweref,  varj^  conside- 
mUfy  to  the  food  of  different  classes  of  animals,  and  their  orgatii 
lii  dtt^e^tton  are  modified  to  meet  these  diffcrenoea.  Thus  the  car^ 
iiivorn  live  on  the  flesh  and  hlood  of  other  animals,  which  in  chemical 
iind  physiological  properties  are  identical  with  their  own,  and  whiell 
after  digestion  in  the  stomach  are  reduced  to  a  soluble  conditicmj 
in  this  form  they  are  ahsorbed,  and  enter  into  the  eompoeition  ol 
the  animal.  In  the  heihivora  the  organs  of  digestion  are  marl 
cc»m plicated,  since  their  food  contains  only  small  quantities  €d 
iiitiogea.  It  is  found  that  animals  require  more  or  less  fo 
proportion  as  the  compounds  which  contain  nitrogen  are 
more  alnmdant  in  it.  Tlte  nitrogen  occurs  in  the  food  prineij 
in  the  form  of  eomiK>unds  which  have  the  same  composition 
the  albumen  and  fibrin  of  animals.  Vegetable  albumen  and  fil 
are  the  principles  uhich  furnish  plastic  nutriment  to  the  berbii 
and  if  they  be  witlihcld  for  any  protracted  i>criod,  starvation  eng 
Hence  it  appears  that  one  essential  condition  to  the  maintet 
of  animul  life  is  the  assimilation  of  certain  materials^  which 
identical  in  constitution  ^ith  the  principal  constituents  of 
blood.  Animals  do  not  possess  the  |x>wer  of  forming  these 
ciplesj  yet  tliey  produce  a  multitude  of  others  from  them  by 
decomposition  ;  for  example,  jjlants  cannot  produce  the  geiatiuoul 
principles,  neither  do  they  fiimish  the  oonstituents  of  the  brain^ 
both  of  which  are  elab*) rated  in  the  animal  frame  from  the  com« 
poncnts  of  the  food.  The  azotised  comimnnds,  when  taken  alonq 
wre  insufficient  to  support  life ;  eaochariue  and  oleaginoufi  matten 
are  absolutely  necessarj%  and  in  tlie  young,  even  of  carnivora^ 
thpy  form,  in  the  sliape  of  milk,  a  most  important  part  of  theil 
nutriment.  Even  the  flesh  diet  of  the  carnivora  contains  a  lai^ 
proportion  of  fat,  which  suppbes  the  necessary  respiratory  materials 
In  our  estimate  of  the  importance  of  the  different  raateriall 
which  enter  into  the  composition  of  food,  we  must  not  over- 
look the  various  salts;  particularly  common  salt^  phosphate  of  lime^ 
and  the  sulphates  and  phosphates  of  the  alkabes.  Common  sail 
IN  essential  for  the  supply  of  the  Iiydrochloric  acid  of  the  gastric 
jiiii'^        *  ^         In  of  the  bile.     Phosphate  of  lime  i«  nc 
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the  InnliUng  up  of  the  bones;  and  not  a  cell  or  a  fibre  of  the  body 
can  he  formed  without  the  presence  of  the  soluble  phosphates. 

Liebig  has  poiutcd  out  the  singular  manner  in  wliich  these 
different  salts  are  assoeiated  in  the  difierent  parts  of  the  body; 
ehloride  of  sodium,  for  instariee,  abounds  in  liquids  which,  like 
the  blood  and  the  serous  exudntionfl,  have  an  alkaline  reaction^ 
and  is  commonly  accompanied  by  tri basic  phosphate  of  soda.  Phos- 
phate of  potash  on  the  other  haud^  occurs  in  liquids  whicli,  like 
the  juice  of  the  flesh j  have  an  acid  reaction. 

{1458)  Process  of  Dlgesiion. — The  preliminary  cooking  to  which 
much  of  our  food  is  submitted,  is  not  essential  to  the  process  of 
digestion,  but  is  generally  resorted  to  in  order  to  please  the  palate; 
hut  where  a  mixture  of  many  kinds  of  food  is  to  be  assimilated 
by  the  Btomach,  the  process  of  cooking  may  be  made  to  assist 
the  operations  of  digestion.  The  prmci|MJ  steps  by  which  the  food, 
jifter  its  reception  into  the  mouthy  is  converted  into  a  part  of  the 
living  organism,  are  the  following; — The  food  is  first  ma*^ticated 
and  tlioroughly  mixed  with  the  saliva.  Animals  which  are  car- 
nivorous, chew  their  food  less  completely,  and  arc  supplied  less 
abundantly  with  saliva,  than  those  that  are  herbivorous.  The 
reason  is  obvious,  since  in  the  camivora,  t!ie  fleshy  nature  of  their 
aliments  enables  the  latter  to  be  more  rcjidily  assimilated  than  is 
the  case  in  the  herbivora,  many  of  whicfi,  by  ruminating,  subject 
their  food  a  second  time  to  a  thorough  trituration  and  interraLxtnre 
with  the  saliva.  Birds  tliat  are  gx^anivorous,  are  furnished  with 
a  strong  hollow  muscle,  the  gizzard,  which  is  especially  designed 
for  the  purpose  of  triturating  the  seed,  to  aid  which,  the  birds 
swallow  pebbles  and  gravel.  The  food,  having  been  masticated 
and  reduced  to  a  pulp  by  intermixture  with  the  saliva,  is  next 
transferretl  to  the  stomach,  where  it  becomes  mingled  with  the 
acid  secretion  of  tlie  gastric  juice  (1435).  After  remaining  for  a 
lew  hours  in  this  organ,  the  principal  proportion  of  the  albu- 
minous and  fibrinous  constituents  of  tlie  food  is  brought  into  the 
liquid  form ;  but  the  fatty  matters  remain  iinaffected,  and  the 
starchy  components  are  but  imperfectly  converted  into  the  soluble 
form  of  dextrin,  or  of  sugar.  From  the  stomach,  the  food  now 
reduced  to  a  pultaceous  mass  termed  chyme,  passes  to  the  duode- 
num, or  commencement  of  the  intestinal  canal,  where  it  is  mixed, 
iirst  with  the  secretion  from  the  liver,  and  then  with  that  from 
the  pancreas. 

Physiologists  arc  not  agreed  upon  the  share  which  the  bile 
takes  in  the  function  of  digestion^  but  both  the  bile  and  the  pan« 
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alkaltoe,  and  the  chjme  iroiDediatel| 
^  mkk  di^e  liquids,  asi«umes  the  appearance  of  an  em 
{Mssage  along  the  iutestinal  canal^  it  ia  mi] 
from  the  inner  sarfat!e  of  the  jejunum  and  of  < 
I  itill  farther  modifies  the  food,  completing'  the  conip 
tato  ft  soluble  compound,  and  rendering  the  & 
of  assimilation.      In   the  small  intestines  a  we^ 
i  gf  the  aHinent  into  two  portions  is  effected ;   the  largei^ 
is  absorbed   into  the  system,  the  smaller  porti< 
:  d  tt^table  fibre  and  insoluble  and  undigested  matte 
ncrcmentitious,  acquiring  a  peculiar  odour^  and  ia  mj 
>  Injected.     The  absorbed  portion  is  taken  up  partially  a| 
iH^  liquid   (the   cA^/e)  which  is  abstjrbed  from  the  in^ 
.  cf  the  intestines  by  the  lacteals,  and  these  v^sela  eiii| 
thPou;?h  the  thoracic  duct,  into  the  subclavian  Tcin: 
^fgcf   portion    is   ab5orl>ed    by  the   mesenteric  veins,  whi 
their  contents  to  the  liver,  to  be  there  further  elabom^ 
^^gt  tliey  are   transferred  by   the   hepatic   veins   to  the   ri| 
^^Irof  the  heart. 

Qift  principal  change  wrought  in  the  food,  during  its  conversj 

^f  AjtnCf  consists  in  its  being  rendered   soluble,  and   combia 

^^  water;  but  it  is  evident  that  tljc  mere  fact  of  the  conversj 

^^  food  into  the  liquid  form,  is  by  no  means  the  only  es^^J 

since  soluble   matters,  such  as  the  casein  of  milK^ 

itly  first  converted  into  a  solid  form  in  the  stomach,  and  i 

,  gradually  redissolved;  the  elements  of  the  food  are  thus  ( 

tl,  and  if  casein  be  the  substance  acted  on,  it  is  converi 

^0j  ilbumen ;  but  the  principal  change  is  that  described  by  Pre 

^ihe  ritalizhiff  action  of  the  stomach, — that  change  which  fita  di 

^^M^tiied  matter  for  again  becoming  a  {>ortion  of  the  li\ing  fraB 

f^ nature  of  this  change  is  not  at  all  understood.   The  solid  foj 

^  which  azotised  matters  are  generally  presented  to  the  stomal 

^M  be  designed  (by  demanding  a  longer  stay  in  this  organ) 

j^tate  and  allow  time  for  the  completion  of  this  change ;  whi 

^  amylaceous  and  oleaginous  princijjles  of  the  food,  which  sim| 

^^iply  the   respiratory  fuel,  do  nut  require   so   long  a  stay  in  I 

ach*     It  is  worthy  of  remark  tliat  albumen,  even  after  it  t 

:;iven  as  the  sole  constituent  of  the  food»  when  it  has  ou 

ilissolved,  cannot  be  detected  a^   such   in  the  fluid'  of  I 

:,u'h,  cither  by  boiling  or  by  the  action  of  nitric  acid;  it  18  I 

,J  tftcr  it  has  passed  tli rough  the  duodenum,  and  becomes  mil 

^  the  secretions  of  the   liver  and   the   pancreas,  that  albn 

the  ordinary  reagents. 
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When  digestion  is  duly  performed,  no  gaseous  products  are  set 
free  ;  but  when  it  is  faulty,  we  often  have  a  train  of  syraptoras  more 
or  less  distressing,  owing  to  the  evokition  of  carbonic  acid,  nitro- 
gen, and  hydrogen  gases,  which  produce  painful  Hatuleuce  and 
distension.  It  may  be  to  render  this  distension  less  liable  to  occur 
in  inftints,  that  mdk  contains  an  unfcrracD tabic  variety  of  sugar. 

There  is  a  very  great  difiereuce  in  the  digestii>dity  of  the  dif- 
ferent articles  used  as  food ;  some  being  completely  chyniified  in 
two  hours,  and  others  requiring  as  much  an  six  before  this  effect 
is  produced.  Very  slight  circumstances  frequently  interfere  with 
the  digestive  process*  Fats  are  apt  to  disagree,  and  so  are  all 
substances  into  the  eoraposition  of  which  they  enter  largely;  such 
as  pastry,  rich  stews,  and  fried  dishes;  owing  partly  to  the  pro- 
duction of  the  peculiar  volatile  acida  of  fat  during  the  processes 
of  cooking  or  digestion,  and  partly  owing  to  the  difficulty  with 
wliieh  such  food  is  penetrated  by  the  gastric  Juice.  Where  such  food 
has  been  taken,  the  assimilating  jjowers  of  the  stomach  are  often 
interfered  with,  and  the  injurious  effects  thus  occasioned  are  fre- 
quently mauitestcd  in  the  form  of  a  sick -he  ad  ache.  Fermented 
liquors,  if  taken  in  small  quantity,  often  afford  a  healthy  stimulus 
to  the  stomach,  but  if  taken  in  excess  they  arrest  digestion  and  pro- 
duce serious  disturbance,  independently  of  their  encrvatiug  effects. 

(1459)  NuiriHon  and  Dmntet/raiiotL — Having  traced  the  food 
into  the  blood,  by  the  process  termed  by  Prout  pnmarij  formative 
assimiiaiion,  we  may  pass  on  to  consider  the  course  by  which  it 
becomes  incorporated  with  the  tissues  of  the  living  body.  The 
offices  of  tlie  blood  may  be  considered  under  three  principal 
heads: — i,  that  of  nutrition^  or  reparation  of  the  effete  parts  of 
the  corporeal  frame  ;  ^,  that  of  respiraiiof^,  or  the  maintenance  of 
animal  heat ;  and  3*  that  of  secretion. 

J,  Ahdrition. — There  is  abundant  evidence  to  show  that  the 
various  tissues  of  the  body  are  undergoing  a  constant  succession 
of  changes  which  arc  essential  to  the  maintenance  of  life,  and 
that  the  more  actively  the  vital  powers  are  exerted,  the  more 
rapidly  do  these  various  changes  occur,  necessitating  the  supply  of 
food  more  frequently  and  abundantly.  Shortly  after  the  deposi- 
tion  of  any  particle  has  taken  place  in  any  particular  tissue,  it  is 
in  its  turn  removed  to  make  room  for  a  new  and  equally  fleeting 
successor.  This  deposition  of  new  matter  is  termed  by  Prout 
Becondary  formative  assimUa(ion/in  opirosition  to  the  secoudanj  de- 
structive assimilation,  by  which  the  removal  of  the  effete  particles 
ia  effected.  The  principal  organs  of  the  body  consist  of  albumi- 
nous and  muscular  tissue^  with  the  exception  of  its  solid  fi'amu- 
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work,  and  of  thorn  peculiar  compoiuids  which  coostitnte  the 
of  the  braio  and  of  the  uenres.  Aibameo  and  fibriB,  the  faaab  of 
these  ttssnes,  are  contained  readj  formed  in  the  bloody  aod  tbej 
appear  to  be  deposited  at  tho^e  points  where  they  are  needed^  by  a 
prooesa  somewhat  analogouis  to  that  of  simple  coagolation*  No 
adnuitagej  however,  would  be  gained,  if  the  portions  which  tbej 
dtsplaoe  were  to  be  re-absorbed  in  the  form  of  albumen  or  of  fibrin 
into  the  mass  of  the  blood ;  for  the  deposited  particles  having 
once  discharged  their  function  in  the  system,  cannot  again  he  ad- 
mitted to  form  integrant  parts  of  it,  until,  as  in  the  case  of  the 
albuminous  and  fibrinous  portions  of  animals  taken  as  food,  they 
have  been  again  subjected  to  the  process  of  digestbn,  and  harq^d 
thus  been  fitted  by  the  stomach  for  the  performance  of  theix^^ 
various  functions.  The  change  which  attends  the  absorption  of 
matter  once  deposited  is  deep-seated^  and  is  essentially  connected 
with  the  manifestations  of  vital  activity.  No  portion  of  albumen 
or  of  fibrin  seems  to  be  removed,  as  such,  into  the  system ;  oonse* 
quently  the  fibrin  and  albumen  contained  in  the  blood  in  a  health] 
stat4?^  must  ]ie  considered  as  freshly  elaborated,  and  as  existing  it 
as  a  preliminary  to  its  constituting  an  integral  part  of  the  body; 
therefore,  as  being  in  a  form  ready  for  as.^imilation.  The  effete  tis-^ 
sues  are  decomposed  at  the  roomentof  their  reraovaljand  are  converted 
by  the  process  of  absorption  into  new  and  distinct  compounds;  thus 
furnishing  the  second  source  whence  the  blood  derives  its  component 
parts,  the  process  of  absorption  constituting  the  secondary  deaiructive 
aggu/iUaiian  of  Prout.  This  removal  is  usually  effected  by  the 
agency  of  oxygen,  supplied  during  respiration,  and  carried  by  the 
blood  to  every  part  of  the  system  :  tho  organic  particles  thus  re* 
moved  are  therefore  in  a  more  oxidized  form  than  that  in  whiG||^| 
they  were  deposited,  anil  tlicy  are  absorbed  at  first  u\to  the  blood 
itself,  from  which  they  are  quickly  elimiuated  in  some  of  tlie  ex- 
cretions from  it.  Thus  the  nitrogen  is  removed  partly  in  the  form 
of  urea,  or  of  uric  acid,  and  partly  in  that  of  ammonia.  Tb^ 
carbon  is  chicHy  got  rid  of  as  carbonic  acid ;  and  tlie  phosphor 
and  ssulphur,  as  pho^^iphoric  and  sulphuric  acids.  These  difieres 
matters  are  eliminated  tli rough  four  principal  sources,  %'ia,  i.  the 
excreta  of  the  alimentary  canal ;  2.  the  urine ;  3.  the  cutaneous 
excretions;  and  4.  the  pulmonary  exhalation*  Having  already 
considered  the  principal  chemical  relation  of  the  first  three  excr 
mentitions  product!*,  we  shall  now  confine  our  attention  to  thfl 
nature  of  the  pulmonary  exhalation. 

(1460)   2.  Hesjiiration. — The  important  function  discharged  by^ 
the  '«ists  iu  the  adoii^^ioa   of  atmospliciic  air  into  tha 
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hody,  in  sucli  a  manner  as  shall  enable  it  to  act  upon  and  oxidize 
the  blood  ;  the  most  obvious  chemical  change  which  is  produced 
in  the  respired  air^  cousi:^ting  in  the  absti'action  of  oxygen  frora 
it,  and  the  aubstitution  of  a  bulk  of  carbonic  acid  nearly  equal  to 
that  of  the  oxygen  removed*  The  lungs  act  as  an  immense  iilter 
through  which,  in  the  higher  classes  of  animals,  the  whole  mans 
of  the  blootl  is  made  to  circulate  as  often  as  it  passes  through  tlie 
heart.  The  venous  blood  as  it  arrives  in  the  lungs  is  of  a  deep 
purple  colour.  It  leaves  them  of  a  florid  arterial  red.  The  gene- 
ral structure  of  the  lungs  is  such  that  these  organs  may  be  re- 
garded as  consisting  of  two  sets  of  tubesj  the  larger  of  which  is 
for  the  admission  of  air.  The  air-tubes  are  subdi\nded  into  an 
infinite  number  of  small  ramifications,  around  which  the  blood- 
vessels are  distributed  in  an  extremely  tine  network  ;  by  this  ar- 
rangement an  immense  surface  is  exi>osed  to  the  air,  with  a  com- 
paratively small  expenditure  of  8|>acc.  The  lining  membrane  of 
the  air-tubea  is  kept  continually  moist  by  the  secretion  frora  their 
surface.  Through  this  delicate  membrane  air  pttsses  readily  by 
endosmosia  into  the  blood-vessels  Ijcneath,  and  in  conseciucnce  of 
this  action  tlie  venous  blood  exchanges  a  portion  of  its  carbonic 
acid  with  the  oxygen  held  in  solution  by  the  liquid  which  batVies 
the  surface  of  the  air- tubes.  The  oxygen  in  this  form  obtains  ad- 
mission into  the  current  of  the  circulation.*  The  mere  displace- 
ment of  carbonic  acid  from  the  blood,  although  unattended  with 
any  perceptilile  chemical  change,  produces  an  alteration  of  colour 
from  purple  to  scarlet.  During  the  circulation  of  the  aerated  blood 
through  the  minute  capillaiy  vessels  of  the  body,  the  absorbed 
oxygen  etiects  those  chemical  changes  which  are  essential  to  the 
maintenance  of  animal  life.  The  tissues  are  broken  up;  urea, 
carbonic^   lactic^  uric,    sulphuric,  phosphoric,  and   perhaps    other 


•  During  the  process  of  respimtion  a  email  quantity  of  aitrogen  as  well 
aB  of  oxygen  Is  iibsorbLHi,  aod  this  probably  is  one  Boiirce  of  the  nitroi^en 
which  is  uruioubtedly  exhaled  by  the  skio.  It  ia  probable  that  lliia  nitrOfcytm 
undergoes  no  chemical  change,  but  h  merely  mechanically  taken  iuto  the 
syatem  owiug^  to  ila  solubih'ty  ;  the  quantity  in  the  air  does  not  appear  mate^ 
I'lally  to  vary,  becaust*  if  the  bluod  be  .saturated  with  nitrogen,  the  amount  of  this 
gaa  which  m  t^eparated  will  be  equal  to  I  hat  which  in  evolved.  By  making  animals 
respire  iu  an  atmoiiphere  of  oxygen  and  hydrogen,  niLroi^en  is  always  fouud  to  be 
Ijiven  out,  since  it  is  displacecl  troni  tne  blood  by  the  hydrogen*  According  to 
the  experiments  of  Keguault  and  Keiset  {Ahh,  de  Chimie^  III.  xxvi.  5M.) 
warm-blooded  auimab,  if  made  t-o  respire  in  a  coafiued  apace*  always  exhale  aa 
appreciable  quantity  of  nitrogen ;  the  amount,  however,  of  this  is  so  snmll  as  not 
to  exceed  xio*b  part  of  the  quantity  of  0x3^ gen  consumed.     When  the  animals 

I  were  in  a  state  of  exhaustion  from  want  of  food,  an  absorption  of  nitrogen 
commnnly  occurred  to  a  similar  extent.  Traces  of  hydrogeu,  of  car  buret  ted 
hydrogeUp  and  of  ammonia  are  also  present  ia  respired  air. 
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timed;  and  the  iiomerous  careful  experiments  published  subsequently 
to  tliose  of  Front  have  fully  cstnblisbed  the  correctness  of  these  ob- 
servations. It  appears  that  the  proportion  of  carbonic  acid  exhaled  in 
a  given  tiniQ  by  the  same  animal^  varies  according  to  the  rapidity 
of  the  circulation  :  the  more  vigorous  the  circulation,  the 
larger  is  the  quantity  of  carl>onic  acid  evolved :  thus,  cdstcji^ 
paribus,  a  larger  quantity  is  formed  after  a  raeal  than  when  the 
animal  is  fasting ;  the  proportion  is  abo  higher  when  the  animal 
18  awake  than  when  sleeping. 

An  im])ortant  series  of  direct  experiments  u]>on  respiratjoninman 
was  undertaken  by  Scharliug  (Liebig^s -4w»a/.,  xlv.  214^  and  Ivii.  i). 
Other  experiments  upon  the  same  subject  by  Andral  and  GavEuret 
will  be  found  in  the  Annales  de  Chhnie,  IIL  viii.  129.  Still  more 
recently,  liegnault  and  Reiset  have  published  an  extensive  and 
elaborate  series  of  researches  upon  the  respiration  of  various  classes 
of  animals,  from  which  several  new  and  important  conclusions  have 
been  deduced   (Ann,  de  Chimie,  III,  xxvi,)- 

Scharling's  experiments  were  performed  upon  persons  of  dif- 
ferent ages  who  were  placed  in  an  air-tiglit  chesty  freely  supplied 
with  atmospheric  air,  which  was  deprived  of  carbonic  acid  by 
causing  it  to  pass  through  a  solution  of  potash.  The  respii^ed  air 
was  transmitted  tljrough  a  succession  of  vessek,  filled  with  sul- 
phuric aeid  in  order  to  retain  moistnre,  with  solution  of  potash 
to  retain  carbonic  aeid,  and  with  sulphuric  acid  to  retain  moisture 
which  the  current  of  air  might  mechanically  carry  over  from  the 
solution  of  potash.  The  increase  iti  weight  of  the  last  two  vessels 
indicated  the  a  mount  of  carbonic  acid.  A  continuous  current  of  air 
through  the  apparatus  was  maintained  by  means  of  the  regulated 
action  of  an  air*pump^  and  the  quantity  of  carbonic  acid  contained 
in  the  air  of  the  che^t  at  the  close  of  the  experiment  was  determined 
by  direct  analysis.  By  means  of  experiments  conducted  with  this 
apparatus,  it  was  ascertained  that  on  an  average,  the  production  of 
carbonic  acid  during  sleep  amouutcfl  only  to  three-fourths  of  that 
given  out  by  the  same  individual  for  an  equal  interval  of  time  during 
the  time  that  he  was  awake.  It  was  also  found  that  the  pro- 
duction of  carlionic  acid  was  proportionately  greater  in  children  than 
in  adults,  as  was  to  l*ave  been  expected  from  the  greater  activity  of 
the  vital  fimctions  during  the  period  of  growth  and  development. 
The  average  production  of  cartenic  ackl  w^as  also  greater  in 
male  than  in  female  adults,  as  might  be  expected  from  the 
smaller  size  of  the  latter  :  but  in  adult  individuals  of  both  sexes, 
if  of  equal  weiglit,  ctBteris  paribus,  the  consumption  of  carbon 
appeared  to  be  nearly  equal*     The  same  observer  haa  also  shown 
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tbat  the  quautily  of  caHioo  eibaled  in  the  Jbmi  of  carixmie  inl 
from  the  surface  of  the  ^kin^  in  tLe  adult^  does  uol  <ni  tbe  srenge 
exceed  one-third  of  an  ounce  in  tbe  twetity-foor  hours.  Is 
oold-blooded  animals^  howe%er^  the  respiration  effected  through  the 
i4in  ia  much  more  eitensive ;  frogm  and  wilamanilem  iriU  contiBiie 
to  live  for  several  day&  after  the  lungs  have  been  remoTcd,  owing 
to  thi«  cutaneous  respiration  (Regnault). 

The  average  quantity  of  carbon  which  passes  off  during  tbe 
day  from  the  lungft  and  skin  of  an  adult  man  is  ettimmted  bjr 
Dumas  at  about  8^  ounces  avoirdupois.  These  resulta  hsre  been 
almost  exactly  confirmed  by  the  more  recent  experimeiita  of 
Siharling.  Andral  and  Gavarret  found  in  their  experiments 
{ytnn.  de  C/timie,  IIL  viii.  129)  that  the  quantity  of  expired  car- 
bonic acid  was  nearly  the  same  as  that  given  by  Scharling.  Liebtg'a 
estimate  is  considerably  higher ;  but  it  is  probably  less  correct 
since  it  was  not  founded  on  direct  experiment,  but  waa  inferred 
from  a  rather  loose  estimation  of  the  average  amount  of  carbon 
eoutaincd  in  the  rations  allowed  to  a  regiment  of  soldiers;  making 
a  somewhat  arbitrary  deduction  for  the  amount  of  carbon  elimi 
in  the  urine  and  fceces. 

It  isj  however,  obvious  that  the  amoimt  of  carbonic  acid^ 
the  proportion  which   it  bears   to  the  respired  oxygen,  must  raiy 
with  tl»e  natrnre   of  the   food.        When  carbon  is  converted  inio 
oarlx)juc  acid,  the  volume  of  this  gas   which   is  formed  is   exactly 
equal  (inuler   similar  circnmstanccB  of  temperature  and  pressi 
to  that  of  the  oxygen  which    has  entered  into   its  compoMt 
but  wlioii  liydrot^eu    is  oxidized,  the  whole    of  the   oxygen 
which  it   Hms   combined  disappears  from   the  gases  exhaled* 
a  similar  remark  applies  to  tliat  portion  of  oxygen  which  enters 
into  combinatiim,  so  as  to  form  solid  or  liquid  azotised  compounds. 
It  can  therefore  only  happen  that  tlic  proportion  of  carbonic  acid 
expired,  and  of  oxygen  consumed  shall  be  equal,  when  the  whole 
of  the    innpired   oxygen  is  euj ployed   in   the  oxidation  of  carbon. 
Hie   direct  experiments  of  Regnault  and   Keiset  have,    however, 
fthown  that  this  variation  in  the  proportions  of  carbonic  acid,  and 
of  respired  oxygen,   lies   within  very  wide  limits.      From   simili^^ 
causes,  when  much  fat  is  taken  with  the  food  a  large  portion  c^l 
4jxy^eii  disappears.     Thus  it   may  be  proved  by  calculation   that 
when  butter  fiupplies  the  respiratory  food,  for  every  31   volumes 
nf  oxygen    absorbed,    21   only  of  carbonic  acid  can  be  produced  jt 
and  a  ii^imilar,  but  smaller,  disappearance  of  oxygen  occurs  wbi6^| 
alcoholic  liquors   have  formed  part  of  the  food  consumed,      Beg^^ 


ainatod^ 
d,  an^ 

t  TWTf 

d  inlo 
xactly 
ssurely 

:i 


J 


VAIUATIONS    IN    THE    QCAXTITV    OF    CABDONIC    ACID. 


r49 


I 


I 


I 
I 


nault  and  lleiset  found  iu  their  experiments  that  dogs  when  fed 
on  meat,  exhaled  about  74  volumes  of  carbonic  acid  for  100 
volumes  of  oxygen  absorbed ;  ))ut  when  fed  on  amylaceous  sidj- 
stancca  the  qimntity  of  cjirbunic  acid  rose  to  93  per  cent.  A  dog 
which  bad  been  fed  upon  mutton  suet,  emitted  only  69*4  per 
cent,  of  carbonic  acid  ;  the  deficiency  being  in  this  ease  consumed 
in  converting  the  excess  of  hydrogen  in  the  fat  into  water,  Wlieii 
animals  which  liad  been  long  kept  without  forjd  were  subjected 
to  experiment,  the  percentage  of  carbouic  acid  was  about  the 
same  as  when  they  were  confined  to  an  animal  diet ;  because  the 
tissues  of  the  animal  constituted  the  source  whence  the  carbonic 
acid  was  supplied;  the  animal  was,  in  fact,  feeding  upon  its  own  flesh. 
Rabbits  fed  upon  vegetables  emitted  from  85  to  95  per  cent,  of 
carbonic  acid,  compared  with  the  volume  of  oxygen  absorbed ;  and 
granivorons  birds  yielded  from  90  to  103  per  cent.,  the  volume 
of  carbonic  acid  frequently  exceeding  that  of  the  oxygen  con- 
sumed. When  these  birds  were  confined  to  a  Hcsh  diet,  the 
quantity  of  carbonic  acid  fell  to  about  67  per  cent,  of  the  oxygen 
consumed* 

In  the  course  of  these  experiments  it  was  ascertained  that, 
provided  the  quantity  of  oxygen  be  proportionately  increased,  an 
animal  may  continue  to  breathe  without  injury  in  an  atmosphere 
containing  a  considerable  amount  of  carbonic  acid,  the  injurious 
effects  of  carbonic  acid  in  the  air  appearing  to  depend  rather  upon 
the  mechanical  obstacle  which  it  offers  to  the  escape  of  the  gas 
already  in  the  blood,  than  to  any  directly  poisonous  action  of  the 
caj'bonic  acid  itself.  By  increasing  the  facility  for  its  diffusion 
by  the  addition  of  oxygen,  or  even  of  hydrogen,  to  aii*  ah*eady 
containing  a  considerable  quantity  of  carbonic  acid,  the  animals 
may  continue  to  breathe  such  air  without  injuiy.  Regnault  found 
that  the  proportion  borne  by  t!ie  carbonic  acid  exhaled^  to  that  of 
oxygen  consumed,  is  not  altered  when  pure  oxygen  is  substi- 
tuted for  atmospheric  air,  and  the  same  relations  were  observed 
when  the  animals  were  caused  to  respire  in  an  atmosphere  con- 
sisting of  a  mixture  of  oxygen  and  hydrogen. 

An  interesting  illustration  of  the  great  differences  in  the  modi^ 
of  respiration,  which  may  occur  even  in  the  same  animal  under 
altered  circurastances,  is  aftbi*ded  by  the  observations  upon  hyber- 
uating  animals.  Marmots  w^re  found  during  their  torpid  con- 
dition to  consume  not  more  than  one-thirtieth  of  the  amount  of 
oxygen  which  they  required  in  their  active  state.  These  animaln 
at  the  couimenccmcnt  of  their  hybernation  are  fat,  but  they  lose 
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weight  coTi&iderably  before  they  resume  their  active  condition. 
remarkable  observation  upon  thesse  animals  was  made  by  Sacc,  and 
confirmed   by   Regnault   and    Eeiset.       The  marmot   whilst  in 
torpid  condition  increases  in  weight,  owing  to  an  absorption 
oxygen  Mhich   amounts  to   nearly  oue-half  of  that  inhaled  ;  thi 
oxygen  becomes  converted  into  water,  the  greater  portion  of  wliic 
is  retained  in  the  system  for  a  while,  hut  the  animal  at  intervs 
evacuates    it    from   the    bladder^    so    that    in    the  long  mn   its 
weight   becomes   diminished.      In   fact,   durmg  its  sleep  its  tern- 
pei^ature    is  really   maintained   by   the   slow   combustion    of  the 
store  of  fat    which  it   had  accumulated   previous  to  its  winter's 
repose. 

The  air  which  has  passed  through  the  lungs  in  the  ordins 
process  of  respiration,  is  by  no  means  deprived  of  its  oxygen ;  it 
usually  contains  about  4  per  cent,  only  of  carbonic  acid ; 
the  greater  portion  of  the  air  which  is  expelled  during  expira- 
tion has  not  proceeded  further  than  the  larger  ramifications  of  the 
brouehi.  In  ordinary  respiration  30  cubic  inches,  or  about  one-fifth 
of  the  quantity  of  the  air  in  the  lungs  is  changed  with  each  act  of^ 
respiration.  The  number  of  respirations  in  a  healthy  adult  avcr^^f 
ages  per  minute  from  j8  to  20,  but  the  bnlk,  as  well  as  the  fire- 
quencyj  of  the  inspiration  varies  with  each  individual,  aceording  to 
the  circumstances  in  which  he  is  placed,  and  the  necessity  of  a 
larger  or  smaller  supply  of  oxygen  to  the  system. 

If  we  assume  that  tljo  average  evolution  of  carbon  by  the  lungs ^J 
of  an  adult  man  amounts  to  8*^  oimces  of  avoirdupois  in  twenty «.^| 
four  hours,  it  is  easy  to  calculate  the  quantity  of  oxygen  which  is  ^* 
required   during   respiration   for  that  period  : — 83  oz,  of  carbon 
would  require  about  22*66  oz,,  or  1673  cubic  feet  of  oxygen  for 
its  conversion  into  carbonic  acid,  and  would  yield  28,912  cub.  in, 
of  this  gas  at  60^  F.,  barometer  at  30  inches,— or  21  cubic  inches 
per  minute :  consequently,  if  10  lb,  of  blood  pass  through  the  luiig«i 
per  minute,  every  pound  of  blood,  in  its  passage  through  these 
organs  must  emit  aljout  2  cubic  inches  of  carbonic  acid.     NoWj 
since  for  the  oxidation  of  8^  oz.  of  carbon,  22*66  oz.  of  oxygei 
are  required,  and  since  it  is  fomid  that  an  adult  emits  on  the  aver- 
age a  volume  of  carbonic  acid  equal  to  85  per  cent,  of  tlie  oxygeu 
inhaled,  it  may  be  inferred  (allowing  15  per  cent,  for  the  amount 
fixed  of  oxygen  by  hydrogen,  &c.)^   that  not  less   than  267  oz., 
or  upwards  of  1  i  lb.  of  oxygen,  are  daily  consumed  by  every  adultj  _j 
and  allowing  for  1*4  oz.  of  dry  solid  matter  evacuated  by  the  intes-  ^M 
tinal  canal,  and  2*2  oz.  of  solids  by  the  urine,  the  whole  of  the  remain-       < 
ing  portion  of  the  food  (exclusive  of  about  4I  lb.  of  water^  which 
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liminated  by  the  kidneys  and  the  skiu);  must  pass  off  in  the 

>iis  form  by  the  lungs.* 

The  e%act  form  in  which  the  compounds  which  are  destined 

luce  animal  heat  exist  in  the  blood  is    unknown,  but  there 

fbe  no  doubt  that   the   permanently  alkaline   condition   of  tlie 

>Iaod  (which  Liebig  attributes  to  tribasic  phosphate  of  soda  in  the 

rnivom,  and  Lehtnann  to  carbonate  of  soda  in  the  herbivora)  is  con- 

erned  iu  a  very  important  manner  in  this  oxidating  process;  for  it  is 

aiformly  observed  that  componiids  of  organic  origin  are  much  more 

lily  oxidized  in  the  presence  of  alkalies  than  they  are  when  in  a 

5tttral  or  in  an  acid  condition  ;  doubtless  becanse  the  products  of 

oxidation  being  commonly  acid,  the  presence  of  a  base,  with  which 

liose  acids  can  combine^  facilitates  the  formation  of  the  acid,  whether 

carbonic  or  any  other  acid  com|Kmud. 

The  results  obtaiDed  by  Barral  upon  the  average  assimilation  and  coir- 
iptiuii  of  food  in  twenty-four  hours  during  aumtner  and  winter,  conducted 
Upon  his  own  person,  may  liere  be  cited  {Annaleit  de  Ckimie,  III.  xxv.  129), 

QuantttieM  in  os,  avoirdupois  of  Fmd  and  Excreta  in  i^ceniff-four  hours. 
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Althotij^h  these  resuhB  are  not  free  from  objectionp  they  possess  considerable 
_  atcrest.  The  uraounU  of  carbonit'  acid  emitted,  and  of  oxyjfen  absorbed,  are  in- 
ferred from  the  difference  between   the  quantity  of  carbon,  hydroticn,  and 
nitroueii,  found  by  analysis  in  tbo  food  taken,  ancf  that  furnished  by  the  solid 
Bind  liquid  exeretiona.     Thin  mode  of  calculation  ueccftsarily  inirolves  these 
fcwubera  in  some  uncertainty,  since  nil  the  errors  of  experiment  fall  u|>on  tlicm* 
^t  was  found  that  the  total  quantity  of  oxygen  ttbsorbed  araouBtcd  to  fully  one- 
third  of  the  entire  wei|^ht  of  the  Holid  and  liquid  confitituents  of  the  food.    The 
proportion  of  oiirogen  to  that  of  carbon  contained  in  the  food  taken  was  aa 
[  I   :   I2'HI,     Tbe  excess  of  nitroijen  in  tbe  food  over   that  of  tbe  solid  and 
liquid  excretions  varied  from  one- third  to  one-half;  and  thin  excess  muBfe 
have  passed  ofl^  through  the  »kin  and   lungs;  but  this  estimate  improbably 
too  hi^h,  altiiougk  it  does  not  attain  t-o  much  more  tban  i  per  cent,  upou 
the  volume  of  the  carbonic  acid.     The  proporticm  of  nitrogen  found  iu  tlio 
solid  excreta  did  not  amount  to  one-fiftU  of  thiit  contained  in  the  urine. 

Tbe  proportion  of  carbonic^  acid  exhaled  in  winter  is  much  greater  tban  in 
iummer,  ami  the  quimtity  of  water  is  also  a  little  greater  in  winter.  The  latter 
circumstance  may  be  explained  by  the  fact,  that  more  air  passes  throujrh  tho 
lungs  in  winter  than  in  summer,  and  it  is  less  loaded  with  moiaturo  on  enter- 
ing them ;  but  in  botli  cases  the  air  quits  thcni  saturated  with  aqueous  vapour 
I  at  the  temperature  of  the  body,  consequently  it  will  carry  ofl'  more  moiature 
in  the  winter  than  in  sumiuer. 
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(146a)  Animal  Heai. — ^The  temperature  of  the  human  bodji 
whatever  may  be  the  temperature  of  the  atmosphere,  is  umfori] 
maintained  at  98^  or  100^,   that  of  birds  at  from  lod""  to  ic 
and  that  of  warm-blooded   reptiles  at  about  85''  F.      But  as 
temperature  of  the  air  is  many  degrees,  in  this  climate  often 
or  more  below  that  of  the  human  body,  it  is  clear,  sitjce  the  ani- 
mal frame  is  subject  to  cooling  at  the  same  rate  as  other  natand 
objects,  that  a  constant  supply  of  heat  is  necessary  to  the  mainten- 
ance of  tliis  steady  temperature.      In  order  to  diminish  the  quan- 
tity of  lieat  required  to  be  generated,  animals  are  furnished  with 
coats  of  hair,  of  feathers,  of  wool,  and  of  other  light,  porous,  non- 
conducting materials,  which  greatly  retard  their  rate  of  coolii 
and  the  thickness  of  which  varies  with  the  season  of  the  year,  1 
the  average  temperature  to  which  the  animal  is  exposed.      Ma 
supplies  himself  with  clothing,  which  experience  teaches  him 
adapt  to  the  varying  c i re uui stances  under  which  he  is  placed. 

Ill  it?  constant  evolution  of  heat  in  the  hving  liody  is  occasioned 
by  the  gradual  combustion  of  the  carbon  and  of  the  hydrogen  sup- 
plied in  the  food  ;  the  combustion  Ix^iiig  eftected  by  the  agency 
the  respired  oxygen.    All  bodies,  when  they  enter  into  combinatic 
with  others,  whether  quickly  or  slowly,  evolve  heat,  and  when  the 
products  resulting  from  combination  are  the  same,  the  amount  of 
heat  which  is  developed  for  the  same  weight  of  the  compound  pro- 
duced, is  ako  identical  (1478).    Cai*l>ou  and  hydrogen  are  alread^H 
combined  with  each  other  in  the  body^  and^  in  the  act  of  tbc^^ 
combination  have  already  evolved  a  certain  amomit  of  heat ;  the 
combustion  of   a   hydro- carl mn,    therefore,   will  not  produce 
same  amount  of  heat,  as  the  combustion  of  an  equal  quantity 
carlxin   and   hydrogen  not  previously  in  a  state  of  combinationi 
still  a  very  large  quantitv'  of  heat  will   be  developed  during  the 
oxidation,  atid   if  this  oxidation  be  effected  witliin  the  body,  tl 
heat  thus  liberated  will  necessarily  contribute  towards  maintaining 
the  temperature  of  the  body.      According  to  the  experiments  of 
Dcspretz^  1  ounce  of  pure  carbon  dm'iug  combustion  evolves   hea 
enough  to  raise  the  temperature  of  14,200  times  its  weight  of  wate 
through  1*^  of  F.,  or  enough  heat  to  convert  into  vapour  12*63  time 
its  weight  of  water  at  i  co^,  or  the  temperature  of  the  body ;  the^ 
heat  developed  by  the  combustion  of  8\5  ounces  of  carbon  should, 
therefore,  suffice  to   evaporate  1077   ounces  of  water  daUy,   or, 
neai-ly   675  lb.       This  quantity   of  water   is  about   double  the 
average    amount   of  that    which   is    actually    exhaled    firom    the 
entire  body  in   the   twenty -four  hours,  the  average  being  about 
I    lb.    from     the     lungs     and    ij  lb.    from    the    skin,        Ti 
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surplus  lieat  from  the  carbon,  as  well  as  that  from  the  hydrogen, 
the  amount  of  which  is  not  so  easily  estimated,  i.-*  expended  in 
keeping  up  the  temperature  of  the  Ixjdy.  Experiments  have  shown 
that  animals  exhale  more  carbonic  acid  in  proportion  to  their 
weight,  as  their  temperature  is  higher.  It  lias  been  estimated 
that  birds  evolve  half  as  much  carbonic  acid  again,  as  the  mam- 
malia do  ;  but  Ilegnank  finds  that  in  some  cases,  the  disproportion 
is  much  more  considerable.  The  smaller  the  animal^  the  larger  is 
the  proportionate  extent  of  its  cooling  smrfaee,  and  consequently 
the  larger  is  the  quantity  of  carbon  which  must  be  oxidised  within 
it  in  order  to  maintain  a  temperature  equal  to  tliat  of  the  larger 
animal  J  Hnneta,  for  instance,  evolve  lo  times  as  much  carbonic 
acid  in  proportion  to  their  weighty  as  the  domestic  fowl.  Small 
animals  consequently  consume  a  much  larger  quantity  of  food  in 
proportion  to  their  weight  than  large  animala,  and  this  may 
account  tor  the  greater  proportionate  activity  of  many  small  ani- 
mals when  compared  with  larger  ones. 

Since  the  diffusion  of  animal  heat  over  the  different  parts 
of  the  body  is  tolerably  imiform,  the  source  of  heat  should  be  dif- 
fused likewise.  Provision  appears  to  have  been  made  for  this 
essential  condition,  in  the  circumstance  that  tlie  principal  action  of 
oxygen  npon  the  constituents  of  the  body,  takes  place  in  the 
capillary  vessels  which  are  distributed  throughout  tlie  whole 
organized  structure  ;  and  therefore,  the  heat  resulting  from  this 
action  is  also  equally  distributed  through  the  different  paiis  of  the 
body.  A  certain  amount  of  chemical  action  doubtless  takes  place  in 
the  hings,  where  the  blood  first  comes  into  contact  with  the  air,  and 
this  increased  chemical  action  would  be  needed  to  supply  the  heat 
carried  off  by  the  vapour  which  passes  off  at  each  expiration  ;  but  the 
main  oxidising  actions  occur  deep  in  the  structures  of  the  body  itself 
(1463)  Demand  for  Food  varies  with  the  ttjnptraiure. — ^Since 
then,  the  combustion  of  the  hydro-carbonous  portions  of  the  blood 
are  required  for  tlie  due  production  of  animal  heat,  it  might  be 
expected  that,  as  the  demand  for  heat  varies  at  different  seasons 
and  in  different  climates,  the  quantity  atid  the  quality  of  the  food 
demanded,  should  also  vary  accordingly.  Experience  proves  that 
such  is  the  case ;  the  appetite  is  keener  in  winter  than  in  summer, 
and  the  aliments  which  we  are  then  m  the  habit  of  consuming 
partake  more  of  a  fatty  and  earljonaeeous  character :  the  inhabi- 
tauts  of  the  polar  regions  maintain  the  necessary  supply  of  heat  by  an 
I  abundant  consumption  of  blubber  and  train*oil,  while  those  who 
I  live  in  tropical  climates  content  themselves  with  a  lighter  and 
K  PART  iti.  3  c 
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more  succulent  regetable  diet.     It  is  remarked  by  Liebig  thai 
habits  of  life  formed  by  the  European  are  in  some  degree  retaiii 
when  he  makes  his  abode  under  the  burning  sun  of  an  Indian  ski 
Under  such  altered  circumstances  he  still  stimulates  his  appetite  \ 
consume  the  AcbIl  diet  to  which  he  has  been  aoeustomed,  and  di 
eaaes  of  the  liver  are  the  consequence.    This  gland  secretes  a  flc 
rich  in  carbon,  and  in  certain  cases  may  act  as  one  outlet  of  bydr 
carbonous  matters  to  the  system,     Kcspiration  in  a  hot  el 
takes  place  with  diminished  frequency.     It  must   also  be  remem- 
bered, that  equal  volumes  of  air  admitted  to  the  lungs  by 
ration  at  high,  and  at  low  temperatures,  contain  very  difle 
wdghts  of  oxygen;  air   at  40^    containing  one-tenth    more 
weight  of  oxygen  than  an  equal  bulk  of  air  at  90*^.      Less  carbon 
therefore,  is  thrown  ofi"  by  the  lungs  in  equal  intervals  of  time,  in 
hot  climate  than  in  a  cold  one,  by  which  means  the  too  rapid  pr 
duction  of  animal  heat  is  avoided ;  but  the  excess  of  carbon  carrie 
into  the  system  must,  nevertheless,  be  got  rid  of,  and  this  must 
effected  in  a  maimer  that  shall  not  produce  heat.     Owing  to  tli 
beautiful   compensating   system  upon  which  our  bodies  are  eon 
structed,  one  organ,  if  necessary,  can  relieve  another  from  its  burdeig 
and  the  liver  carries  off  this  excess  of  carbon  in  an  unbumed  fonn 
provided  the  quautity  be  only  moderate,  this  vicarious  action  ma 
be  effected  without  inconvenience,  but  if  it  be  excessive,  enlargemcu 
and  congestion  of  the  gland  ensue,  and  disease,  more  or  less  \ 
is  the  result.    In  a  dry  state  of  the  atmosphere,  however,  less  dut 
falls  upon  the  liver,  inasmuch  as  free  evaporation  goes  on  fix>m 
surface  both  of  the  lungs  and  of  the  skin,  and  thus  the  temperatiue 
of  the  liody  is  reduced.     In  dry  weather,  therefore,  carl>on  may  be 
emitted  by  the  lungs  in  larger  quantity  without  inconvenience ;  but 
when  the  temperature  of  the  air  is  high,  and  at  the  same  time 
loaded    with   moisture,  this    source    of   relief  is  cut  off^  and  an 
oppressive  sensation  of  languor  is  experienced. 

There  is  still  a  great  want  of  accurate  direct  experiments  on  the 
production  of  carbonic  acid  uuder  great  differences  of  temperature. 
and  a  correct  series  of  experiments  on  this  subject,  in  arctic  and 
tropical  regions,  would  be  highly  valuable  both  to  the  physicia 
and  the  physiologist. 

On  the  whole,  then,  it  appears  that  the  saccharine  and  oleagi^ 
nous  portions  of  our  food  are  tliose  which  are  best  adapted  to  the" 
maintenance  of  respiration   and  of  animal  heat :  when,  howevcr,^J 
these  materials  are  given  in  excess,  they  are  thrown  off  by  the  livei^| 
and  the  kidneys:  Ticdemann    and  Gmcrm   found,  when  they  fed 
animals  on  butter  and  starch,  that  tlie  urine  was  loaded  T\ith  fatty 
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matter^  and  bilious  dianiicEa  was  an  almost  constant  attendant. 
The  azotised  priiiciplesi  of  the  food  are  necessary  for  the  reproduction 
of  the  muscular  and  other  tissues,  and  go  to  form  the  azotiaed  prin- 
ciples of  the  blood;  and  hence  the  importance  of  a  mixed  diet  for 
the  due  support  of  the  vital  functions.  The  nutritive  value  of  dif- 
ferent articles  of  food  is,  therefore,  entirely  relative,  and  ia 
dependent  upon  the  proportion  in  which  each  is  mingled  with 
other  bodies,  in  which  the  four  staminal  principles  are  combined 
together  in  due  proportion. 

It  must  not  be  overlooked,  liowever,  that  the  most  advan- 
tageous mixture  of  nutritive  materials  will  vary  with  the  cir- 
cumstances under  which  the  animal  is  placed.  In  the  human 
species,  the  milk  ia  adapted  to  the  wants  of  the  new-born  infant, 
which  will  be  wrapped  in  clothes,  and  shielded  from  tlie  weather, 
and  the  materials  consist  of  about  lo  parts  of  plastic  matter,  lo  of 
fat,  20  of  sugar,  and  0*6  of  salts.  In  the  case  of  the  cow,  where  the 
young  animal  is  more  exposed  to  the  vicissitudes  of  the  weather, 
tlie  proportion  of  these  constituents  is  altered,  the  milk  containing 
to  every  10  parts  of  phistic  material,  i  i*ii  of  fat,  and  14  of  sugar. 
The  composition  of  the  milk  at  different  periods  of  lactation  also 
varies  in  an  important  manner,  in  order  to  meet  the  altering  wants 
of  the  young  animal  in  the  successive  stages  of  its  gi'owth, 

A  few  animals  are  entirely  carnivorous  ;  but  it  must  be  remem- 
bered that  all  flesh,  even  that  which  is  usually  considered  to  be  lean, 
contains,  in  addition  to  azotised  matter,  a  certain  quantity  of  the  ole- 
aginous or  fatty  principle  which  is  needed  for  the  support  of  respi- 
ration. The  herbivora  consume  with  their  food,  large  quantities  of 
saccharine  and  amylaceous  compounds,  which,  by  the  abstraction  of 
oxygen,  are  converted  into  fat ;  such  animals  are  capable  of  being 
fattened  in  a  remarkable  manner,  whereas  the  carnivora  seldom 
acquire  any  great  store  of  fat,  in  consequence  of  a  deficient  supply 
of  the  material  best  adapted  for  conversion  into  that  substance. 

It  has  been  already  remarked,  that  when  increased  demands 
arc  made  upon  the  strength  of  animals,  as  in  taking  exercise,  the 
number  of  respirations  is  increased,  and  the  circulation  quickened, 
more  oxygen  ia  absorbed,  and  more  carbonic  acid  evolved ;  and  it 
appears  probable  that  this  increased  demand  upon  the  muscidar 
effort,  is  for  the  time,  supported  by  the  increased  stimulus 
resulting  from  the  more  rapid  chemical  action  u[K>n  the  tissues 
of  the  body.  For  a  full  consideration  of  the  subject  of  animal 
heat,  the  reader  is  referred  to  Liebig^s  treatise  on  Chemistry  in 
its  Application  lo  Phjsioloyy  and  PaiUology, 
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{1464)   3»  Secret io ft. — Having  now  considered  the  functioE 
the  blood  in  regard  to  iintritioUj  and  to  respiration,  we  h 
ofter  a  few  remarks  upon  the  process  of  secretion.     It  is  worthy 
of  remark  that  in  every  instance  where  a  purely  exc rem enti rial  pro- 
duct is  formed,  the  substances  exei-eted  are  produced  in  the  mass 
of  the  blood,  at  a  distance  from  the  point  at  which  they  are  sepa- 
rated.   The  bile  furnishes  an  exceptionj  but,  as  it  has  been  already 
stated,  tlie  greater  portion  of  tliis  fluid  is  re-absorbed  into  the  system; 
it  therefore  cannot  be  considered  as  purely  excreTnentitious,  In  e; 
perimeuts  in  which  the  kidneys  have  l>een  removed  from  animal 
uric,  phosphoric,  and  sulphuric  acids,  as  well  as  urea,  are  found 
accumulate  in  the  blood ;  the  kidney  is,  therefore,  not  to  be  look 
u^on  as  au  oxidizing  or  acidifying  organ,  but  as  an  organ  throng! 
the  agency  of  which  acids  are  separated  from  the  system,  combin 
with,  and  nearly  neutralized  by,  alkaline  mattei-s.  A  similar  principl 
holds  good  in   tlio  case  of  the  lungs,  wliieli  may  be  viewed  as 
gland  by  which  earlxniic  acid  is  excreted ;  the  carbonic  acid,  ho' 
ever,  not  being  formed   by  the  lungs,   but  simply  eliminated  Ijy 
their  action.      It  appears,  therefore,  that  those  organs  which  arc 
destined  for  the  separation  of  excretions   from   the  body  do   not 
form   the  various   substances,    but   simply  eliminate  them.     The 
case,  however,  is  otherwise  with  the  glands  which  furuish   sub- 
stances destined  to  be  consumed  subsequently  by  the   economy  : 
these  glands  in  such  cases  seem  to  effect  a  true  transfonnation  of 
the   blood,  one  part  of  which  forms   the  pccuhar   matter  of  the 
secretion,  (as  for  example,  sugar  of  milk  iu  the  mammary  gland,) 
the  other,  or  complementary  portion,  is  retiuiied  into  the  mass  ci^| 
circulating  fhiid.     The  true  mechanism  of  secretion  is  at  pre^en^* 
unknown.       It  has  been   imagined  that  secretion   may  present  a 
certain    analogy  with  the  case  of  vinous   fermentation,  in  whicl 
little   as  we  know   of  the   cause,  we   understand   the   conditio! 
requisite  to  produce  it ;  for  it  appears  that  tlic  main  point  consist 
in  the  presence  of  certain  organic  molecules,  since  it  is  found   by 
the  ex|>eriment  of   placing  yeast  in  a  tube   closed  with   filterin^^^ 
paper,  and  dipping  into  a  solution  of    syrup    (page   105),   tha^H 
actual    contact  with  those   molecules  is  necessary  to  produce  the 
decomposition,  the  liquid  in  the  tube  being  the  only  part  whiet^H 
ferments  :    hence  we  may  conceive  why  blood   out  of  the  glatiq^l 
undergoes  not  the  same  changes  as  when  circulating  through  it, 
Ko  satisfactory  attempt  has  hitherto  been  made  to  explain  \i  by  one 
substance  should  produce  one  kind  of  decomposition,  and  a  different 
sidi^taucc  a  totally  dillerent  decomposition,  although  the  compound 
operated  on  be  the  same  in  both  cases. 
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CHAPTER  XIV. 
§  IL  Atomic  Heat* 

CoMBINATFON. 


§  III.  Heat  o? 


{1465)  Having  now  completed  our  survey  of  tlie  different 
classes  of  organic  corapoiiii(U,  we  may  proceed  in  the  last  pLice 
to  re\ncw  briefly  some  points  connected  with  the  theory  of  the 
atomic  constitution  of  matter  which  could  not  conveniently  be  dis- 
cussed until  the  clieraical  properties  of  the  various  compounds^  both 
organic  and  inorganic,  had  been  described. 

Two  theories  of  the  composition  of  material  bodies  have  been 
maintained  with  varying  degrees  of  credit  from  the  earliest  ages 
of  the  Grecian  philosophy  to  the  present  time;  the  one  founded 
on  metaphysical ;  the  other,  and  now  the  generally  received  ophxion^ 
based  on  physical  considerations. 

Upon  the  first  view  of  the  constitntion  of  matter,  it  is  sup- 
posed that  the  particles  of  which  bodies  consist,  are  capable  of 
subdi vision  without  limit.  Eveiy  particle  of  matter  must  possess 
an  upper  and  a  lower  surface,  and  therefore  it  is  conceivable  that 
these  surfaces  may  l>e  separated  from  each  other. 

The  second  view,  which  was  upheld,  amongst  other  illustrious 
men,  by  Sir  Isaac  Newton,  maintains  tliat  though  matter  is  sus- 
ceptible of  subdivision  into  molecules  of  inconceivable  minuteness, 
tlicrc  is  a  point  beyond  which  no  power  within  the  i-each  of  man, 
whether  mechanical  or  chemical,  can  carry  this  reduction,  and 
these  particles  are  hence  appropriately  termed  atoms  (or  indivi- 
sibles). This  view  has  acquired  great  additional  probability  since  the 
phenomena  of  chemical  combination  have  been  better  understood 
and  more  accm*ately  examined.  Upon  this  atoimc  hyijothesis,  as 
now  generally  admitted^  it  is  supposed  tliat  tlie  particles  of  which 
each  clement  consists,  have  a  definite  and  uniform  magnitude. 

The  phenomena  of  chemical  combination,  and  the  laws  of 
definite,  multiplcj  and  afuivalent  proportion,  indeed  admit  of  a 
simple  explanation  by  the  aid  of  this  hypothesis,  which,  as  deve* 
loped  by  Dalton,  has  received  the  name  of  the  atomic  theory, 

Dal  ton  assumes  that  the  ultimate  particles  of  any  given  element 
are  of  uniform  magnitude^  and  possess  the  same  relative  weight ; 
but  that  the  particles  of  different  elements  dilter  from  each  other  in 
weight,  and  possibly  also  in  magnitude.  When  chemical  combi- 
nation takes  phice  lietween  any  two  elementary  bodies,  combina- 
tion !•  supposed  to  occur  between  them  atom  to  atom.  Hence 
the  proportions  in  which  bodies  unite  must  of  necessity  be  definite 
and  iuvariable.     In  like  manner  the  law  of  multiple  proportion 
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becomes  a  physical  necessity,  since  compounds  mast  be  formed  by 
the  union  of  i  atom  of  one  of  the  elements  with  i,  2,  3,  4,  or  momi 

atoms  of  the  otlier  element ;   or  2  atoms  of  one  element   with 
ij  3j  5»  or  7  atoms  of  the  other. 

The  equivalent  numbers  of  the  different  elements  simply  ex- 
press the  relative  weights  of  their  atoms,  and  hence  the  term 
atomic  weight  is  by  many  writers  used  as  synonymous  with  that  of  1 
chemical  eqnivalaii  (13),  or  comMnim/  proportion. 

Nothing  is  known  of  the  absolute  size  or  weight  of  these  ulti 
mate  particles  of  matter^but  it  appears  to  be  certain  that  the  amouat 
of  heat,  of  electricity,  and  of  other  forces  associated  with  each 
chemical  atom,  is  perfectly  definite*  We  are  also  in  ignorance  of 
the  form  of  these  atoms,  for  it  is  clearly  proved  that  the  minutest 
particle  of  matter  which  the  eye,  assisted  by  the  most  powerful 
nitcroscope,  in  able  to  perceive,  yet  consists  of  an  indefinite  multi- 
tude of  atoms :  the  configuration  of  such  minute  visible  particles 
caoaot  therefore  furnish  any  clue  to  the  shape  of  the  ultimate 
particles  of  which  the  body  is  composed.  It  is,  however,  not  im- 
probafde  that  the  atoms  of  the  elementary  bodies  are  either  sphe< 
rical  or  spheroidal ;  the  simplicity  of  such  forms  being  most  i 
harmony  with  the  equality  of  attraction  in  diifereut  directiond. 


§  I,   Atomic  Volumes. 

{1466)  Various  attempts  have  been  made  to  determine  the 
live  sizes  of  the  atoms  of  different  elements,  some  of  which  will  be 
briefly  noticed  almost  iramediately.  It  is  probable  that^  even  in 
solids,  the  distances  between  their  component  particles  are  muc 
greater  than  the  chametei'sof  tlie  particles  themselves;  and  in  gaseo 
bodies  these  intervals  of  course  will  be  very  much  greater  than  in 
liquids  or  in  solids.  The  observations  of  Dalton  and  of  Gay  Lussac 
upon  the  effects  of  temperature  upon  gases  led  these  philosophers  to 
the  conclusion  that  the  expansion  and  contraction  which  aeriform 
bodies  undergo  when  subjected  to  equal  increments  or  decremen 
of  temperature  J  ceteris  paribus,  is  uniform  ;  and  it  has  hence  bee: 
argued,  from  the  results  obtained  by  Gay  Lussac,  and  by  Dalto; 
that  in  aeriform  substances  the  relative  distances  between  the  com- 
ponent particles  of  all  gases  must  be  uniform  in  all.  ISlore  acciu*ato 
researches  have,  however,  shown  that,  although  for  general  purposes 
the  law  of  the  uniformity  of  expansion  of  gases  by  heat  may  be 
admitted,  yet  it  is  not  absolutely  true,  and  that  the  departure  from 
this  law  is  parti euhirly  evident  in  the  case  of  those  vapours  and 
gases  which  are  readily  liquefied  by  pressure  {mte^  p.  169,  Part  i.), 
Ex[)eriment  has  proved,  that  in  the  case  of  elementary  bodies  which 
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[ic  gaseous  form,  the  equivalent  quantities  of  tbese  bodies  are 

r"iportiouate  to  their  densities,  as  eliown  in  the  table  given  below, 
d  the  equivalents  of  these  elements  are  consequently  represented 
"  w timbers  which  exhibit  the  ratio  of  their  atomic  weights. 

Oxygen^  phosphorus,  and  sulphur  form  exceptions  to  this  rule, 
erhardt,  however^induced  by  other  considerations, doubles  the  usual 
luivalent  of  oxygen,  in  favour  of  which  procedure  he  lias  shown 
,  lat  strong  argurneuts  may  Ije  adduced.    If  his  \'iew  be  adopted,  the 
nomaly  disappears  in  the  ease  of  oxygen,  and  some  of  the  other 
xccptions  may  be  explained,  by  admitting  that  in  such  instances  the 
epulsive  power  of  heat  may  be  insufficient  to  cause  the  complete 
resolution  of  a  body  into  its  ultimate  atoms  \  that  in  phosphorus, 
md  in  arsenic,  for  example,  two  of  these  atoms  may  remain  asso- 
ciated together,  whilst  in  the  ease  of  sulphur   not  less  than   six 
^  atoms  may  he  so  associated ;  inasmuch  as  instances  occasionally  occur^ 
in  the  case  of  copper  antl  mercuiy,  in  which  two  atoms  of  a  sub- 
atauce  combine  as  one,  so  that  such  a  supposition  is  not  in  contra- 
idiction  to  known  analogies.    At  a  temperature  below  1500^  an  equi- 
Ivalent  of  sulphur  yields  a  volume  of  vapour  equal  only  to  one-tbird 
[of  that  of  one  equivalent  of  oxygen  at  the  same  temperature  ;  but  if 
I  heated  beyond  1800**  it  becomes  dilated,  till  it  occupies  the  same 
^bulk  as  an  equivalent  of  oxygen  similarly  heated.  This  alteration  in 
the  equivalent  volume,  Mhich  sulphur  experiences  at  very  high  tern- 
iperatures,  is  strongly  in  favour  of  such  a  view  as  that  just  given. 
In  compound  gases  it  might  be  supposed  that  the  increased  bulk 
j  occupied  by  the  compound  atom  would  interfere  with  the  regularity 
lof  their  expansion,  but  the  bulk  of  solid  matter  in  any  gas  is  so  small 
f<3ompared  with  the  entire  space  which  it  occupies,  that  no  sensible 
I  irregularity  due  to  this  cause  is  percfivuble, 

Bpecific  Gravity  and  Combming  Volume  of  the  Elementary  Gases, 


t  0qt.  in  ffTAint  of  the  ijDij<<rtD<>utioiied 
6rt.  Cb.  111. 


8 

75 


Oxygen  , 
PhosphoriiB 
Arseuic 


16       I  Sulphur 


I 

35  5 
Ho 

100 


Hydrogen . 

Chlorine  . 

Bromine  . 

Iodine    ,  , 

Mercury  * 


33*33 
3333 


7'77 


46-66 
4666 
46-66 
46*66 
4O  66 
4666 


Comb. 


Bp«ciilc  Gr»Tity. 


(5»k?ul»t*d. 


4^384 
10*1670 


66337 

0*069 1 
0-9674 

a  "4531 

|'75<S 
6*9101 


Otwerred, 


1*10563 
44200 
106000 


6'6i7 


0*0693 
0-9713 

2'47 

'5*54^ 
8716 

6976 


N»m«of 
ObMrT«r« 


Bogtiault 

Pumas 

MitAclierhch 

Duroaa 


H-egnault 

Ke^unult 

Gay  LusPtto 

Mitscherlich 

Duraaa 

Diimas 




L 


Tlic  third  column  of  tliis  table  indicates  the  bulk  of  vapour 


Mtiriaie  of 
Ammonia 

Hjdriodiite 
ofpliosplm 
relied    hy- 
drogen ,     . 

Hjclrobro- 
uiat€  do.   . 


Steam   ,    ,    , 

Prol oxide  of  ) 

nitrogcQ    .  J 
Ilypoclilor- 

0U3  acid 
Peroxide  of     I 

chlorine     .  J 
Peroxide  of     ) 

nitrogen    .  j 

Calomel     .     * 

Di bromide  of  ) 
mercnrj     .  ) 

♦Carbonic  oxide 

fSuJphurctled  ) 
hydrogen  .  J 

Selcniurettcd  J 
hydrogen   .  } 

Telluretted 
hydrogen 

Sulphurous  acid 
Selenioiis  acid 
Carbonic  acid 
Sulphuric  acid 


uN 

aO 

a  CI 

iN 

4Hg 

4Hg 

iC? 

aH 

aH 

a-n 

r  S? 
iSe? 
a  CO 
a  SO, 


3  VQlumes  condensed  into  a. 
HO 


1  0 
tO 
lO 
4O 
4O 

2  CI 
2  Br 
lO 
I  S? 
iSe? 
iTe? 
aO 
aO 

1  O 
1  O 


KG 

CIQ 

CIO, 

4 
NO, 

H^l 

4 
CO 


2 
HS 

HSc 

HTa 
a 

BO^ 

SeO, 

a 

2 

SO3 


9 

o-6a35 

aa 

I'S^oo 

1  435 

ap 

33*8 

a*3ai 

33 

1710 

1177 

8-350 

140 

£0140 

14 

0*957 

17 

I'igia 

40*6 

2795 

65 

4-4S9 

3a 

2*247 

55-6 

403 

22 

1529 

40 

roi 

Colitt 


Calculated 
Gay  Ltissius 
Mitacheilicb 

ditto 

ditto 
Wrede 
Gaj  LuAsac 
i  Bineau 
I  Calculated 
Berzelitis 
Mitscherlich 
Eegnault 
Mitschertidi 


♦  Here  it  is  assumed  Lliat  i  e«^uivalont  of  carbon  jHelda  a  Tolumea  of  vapour, 
t  Sulphur,  in  accordant  with  Bineau's  renearehes  upon  it  at  high  tern* 

peralurea,  is  assumed  to  have  an  equivalent  volume  equal  to  that  of  oxygen; 

and  aelenium  aud  teUurlum  are  suppu&eJ  to  be  analugoua  to  it. 
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Table  showing 

the  Density  of  several  Compound  Gases  and  Vapours. 

[CWnxKi.] 

4 

Volume*  eoudented  into  2. 

Nune. 

CoDstitaeiito. 

FormnUB. 

Denritj. 

AnOioritj. 

'Calcu- 
lated. 

Air  si. 

Corrosive        ) 
sublimate  .  J 

TOl«. 

2Hg 

TOU. 

3  CI 

HgCl 

3 

1355 

9'8oo 

Mitscherlich 

Bromide  of 
mercury     . 

aHg 

3  Br 

HgBr 

2 

180 

I2'l6o 

ditto 

Red  iodide  of ) 
mercury    .  ] 

aHg 

3l 

2 

227 

15600 

ditto 

Chlorocar-      ) 
bonic  acid .  ) 

2  CO 

3  CI 

COCl 

2 

495 

36808 

J.Davy 

Ammonia  .     . 

6H 

3N 

4 

8-6 

0-590 

H.  Davy 

Bisulphide  of ) 
carbon  .     .  J 

cs. 

2S? 

30 

2 

40 

26447 

Qay  Lussac 

Chlorosul-       1 

SOjCl 

phuric  acid  J 

2  SO, 

3  CI 

2 

675 

4*703 

Eegnaalt 

Dutch  liquid  . 

4C1 

4CH 

C,H,C1,HC1 
C^HjCl^HCl 

c.hcVhci 

4 

49*5 

3-478 

ditto 

Monochlori-    ) 
nated  do.     ) 

667 

4-613 

ditto 

Bichlorinated ) 
do.      .    .    } 

840 

57<57 

ditto 

Trichlori-        ) 

C^Cl^HCl 

nated  do.     ) 

4 

101*25 

Sesquichlo-     ^ 
ride  of  carbon  } 

CA^ci, 
4 

118-5 

8-157 

ditto 

Bichloride  of ) 
sulphur      . ) 

2SP 

3  CI 

S,C1 

2 

67 

4-70 

Dmnas 

Fluoride  of     ) 
boron    .     .  J 

2BP 

6F1P 

BFl, 
4 

349 

2312 

ditto 

Terchloride     ) 
of  antimony  j 

2SbP 

6  CI 

SbCl, 

4 

1177 

7-8 

MitschoUdi 

Terchloride     ) 
of  bismuth  . ) 

2BiP 

6a 

BiClj 

4 

1592 

1116 

Jacquelain 

5 

Volamet 

condensed  im 

U>2. 

Sesquichlo-     ^ 

C,C1, 

1 

ride  of  car-    > 

4C 

6  CI 

5925    4-082 

Regnault 

bon  (liquid)  ) 

2 

6  Volumes 

condensed  in\ 

to  2. 

Cyanogen  .    . 

4CP 

sN 

C,N 

2 

26 

18064 

Gay  Lussac 

Bichloride  of  ) 
carbon  .    . ) 

4CP 

8  CI 

C,C1, 
4 

77 

5*3 

Regnault 

Marsh  gas .     . 

4CP 

8H 

C,H, 

8 

0-557 

Thomaon 

Bichloride  of  ) 
titanium    .  J 

a  Tip 

4  CI 

TiCl, 
2 

95 

6-836 

Dumas 

768 


Table  sliowing  the  Densiitj  of  several  Compmmd  Gases  and  Vapours. 


CoiiAtitueny. 

Formnl.. 

D<»iiwly. 

Aailumiy. 

N«i». 

^^. 

Bichloride  of  ( 

Un* .     .    ,  i 
Fluoride  of     ) 

fiilicou  -     .  J 
Ckloride  of     ) 

silicon  .     . 
Cldorochro-     \ 

mic  acid    . 

2Sd?         4Ci 

3  Si?            4FI? 

3  Si?          4  CI 
3CrP30,aCl 

SnCl, 

SiKl, 

SiCl, 

CrO^Cl 

139-8 
523 

853 

77'8 

9*9i> 

3^600  ! 
5939 

55^ 

ditto 

ditto 

1    ditto 

ditto 

Some  remarkable  irregularities  have  been  observed  in  the 
volume  occupied  by  the  vapours  of  many  volatile  compouuds* 
Many  of  these  vapours  at  a  low  temperature  have  a  deosity  muck 
greater  than  that  which  they  possess  when  more  strongly  heated. 
The  vapours  of  the  volatile  acirli?,  such  as  the  formic  and  the 
acetic  acids  in  particular,  exhibit  this  anomaly  in  a  marked 
degree  (1153). 

(1468)  Atomic  Volumes  of  Solids, — i.  Simple  Bodies. — It  has 
been  supposed  that  if  the  atoms  of  all  the  elementary  bodies  were 
of  the  same  size,  the  specific  gravities  of  thc^c  bodies  in  their  solid 
form  would  be  in  the  same  proportion  as  their  chemical  equiva- 
lents. In  such  a  case,  however^  eitlier  the  particles  composing 
the  solid  must  he  in  aetiial  contact,  or  the  iuteiTals  between  the 
particles  must  be  equal.  Dumas  showed  many  years  ago  that 
the  specific  gravity  of  certain  isomorphous  metals  was  nearly  in  the 
direct  ratio  of  their  atomic  weights,  Smcc  then  Schroder  and 
Kopp  have  pointed  out  a  number  of  remarkable  relations  between 
the  densities  of  different  bodies  and  their  chemical  equivalents. 
Kopp  has  shown  that  many  of  the  elementary  bodies  may  be 
arranged  in  groups,  each  group  consisting  of  members  in  which 
the  atomic  volume  is  identieab  If  such  weights  of  the  different 
elementary  bodies  as  represent  the  chemical  equivalents  of  each 
be  compared  together,  the  bulk  occupied  by  each  body  will  be 
such  as  is  indicated  in  the  column  headed  atomic  volutne  in  the 
following  table : — 


*  The  vapour  Toliimo  of  one  equivalent  of  each  of  the  diflerent  metals  is 
asf^utned  to  correi^pond  with  that  of  an  equivalent  of  hydrogen,  and  conne- 
quL-atly  to  be  douole  that  of  an  eqiaivaJftit  of  oxygen,  and  the  aame  assump* 
iioa  is  made  in  the  case  of  sdicoa  and  of  boron. 


587 
487 


330 

563 


r83 

6;7 
9«4 

3*12 

4*95 
0972 
o'H65 


3'5Si  ^$3^*  Jaequekiii 

8*40.  Bninner;  8*51,  Berzehiia; 

Earn  mek  berg 
8*96,  Berzflius;  8*72,  Karston ; 

Mtirchand  and  ScUerer 
3"1,  Drbray 
'84,  Broling ;  7'79»  Kaf«teii 

03.  Buchmaan  ;  8  01,  John 
840,    Tourte;    8'83,    Tupputi  j    8*6oj 

Brunner 

P 

P 
1 1*3 — 1 18,  Wollaatoii 
21*0,  Borda  ;  2 1'g,  Ber2<>lius,  WollastoH 

I  ro,  WollastoQ  ;   1 1*2,  Cloud 

7' 14,  Wert  he  im  ;  6 '86 — ^7 '21,  Benelii] 

2' ^6 — 2  67,  Deville 

5*09,  Tbomsou 

8  6j— 864,  Bucliok 

172,    Allen;     17*4,    Bucliok ; 

D'Eliiuyart 
860.  Stromeyer ;  8*63,  K^ardten,  K^ 
1*743,  Bunsen 
136,  Kupfler,  Karaten ;  13*56,  Fa 

4'8,  Sdmif^otach ;  4*30—4*32.  Ber     

1*99^ — 2'05*  Kiiraten  ;   1*99,  Breitlianp 
7*28,  HeraptttJi ;  7*29,  Kupfler,  Santeii 
5*7 — 5*9^*  Guibourt ;  5  67,  Herapath 

I I  44*  Berzelixis  ; 
11*33,  KupfTer 

1934*  G,  Rose  J  19*36,  Brisso 
10*53,  G.  Hose; 
6*25,  Berzeliua 
o'iS93,  BuQsen 
•578,  Bunaen 
1*83,  Sclirotter; 

3 '54,  BiiTifien  [ 

6-71, Marchand &,  Scherer ;  67, Karsted 
9-88.  Theuard ;    9*83,   Herapath;    9*8( 

Mart-hand  and  Sclierer 
(Uquid)  3*99,  Lowigi  2"97,  BaUrd 
(hquid)  (1-33  about),  Faraday 
4*95-  ^'^^y  Liissat? 
o' 9 7 3,  Gay  Luasac  and  Thenard 
0865,  Gay  Lusane  aud  Thenard 


Karatea 


BerzclIiiB 


The  atomic  volume  (or  specific  volume)  of  any  substance,  simpl 
or  compound  J  may  be  calculated  by  dividing  its  chemical  cquivaletj 


In  the  above  table,  the  colunui  lirEid<  d  Lttlrulated  density  indicnL 
nunibiTi*  wUicli.  if  u^od  ag  diviaor^  oft  ke  equivalent  numbers,  yield  the 
bera  VI  hn;h  arc  adopted  a»  the  atomic  volume  of  the  body. 


9  ntitd 

A 
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>  specific  gravity.     TbiiSj  if  d=the  density  or  specific  gravity^  rj, 

the  chemical  equivalent,  and  v  =  the  atomic  volume,  ^  =  v. 

d 

A  simple    mode    of  determining    ex  peri  men  tally   the    atomic 

ume  of  a  body  was  employed    by  Phiyfair    and   Joule.     Their 

tus  or  voiumvfiOifieter  consists   of  a  globular  flask  provided 

a  long  narrow  neek^  about  twelve  inches  in  length,  graduated 

below  upwards,  to   indicate   grains  of  water.     Tlie  flask  is 

Tided  with  a  tubulure  (accurately  fitted  with  a  ground  stopper) 

the  admission  of  the  solid  body  for  experiment.     When  the 

tnimeut  is  to  be  used  it  is  to  be  filled  up  to  the  mark  o°  on  the 

ga,   with   watcr^   with   oil   of  turpentine,  or   with   some  liquid 

ich  exerts  no  solvent  action  on  the  body.      It  is  then  inclined 

one  side,  the  stopper  removed,  and  a  weighed  quantity  of  the 

►lid  for  experiment,  is  carefully  introduced :  the  stopper  is  then 

laced,   and   the   number  of  divisions  which  the  litjuid  is  raised 

the  stem  indicates  in  grains  the  quantity  of  water  which  has 

displaced.      Thus^   if  350  grains   of  iron  (an    equivalent   in 

18)  be    introduced,   the   liquid   will   rise  44  divisioos    in   the 

of  the  instrument,  indicating  the  equivalent  volume  by  simple 

:ction.     If  the  quantity  of  the  substance  employed  be  less, 

one-third,  or  one-fourth  of  an  equivalent  in  grains,  the  rise  in 

stem^   when  multiplied  by   3  or  by  4,    as  the  ciuse  may  be, 

dicates  the  atomic  volume  of  tijc  body  under  experiment.      The 

jne  experiment  also  furnishes  the  data  for  detcTmining  approxima- 

ively  the  specific  gravity  of  the  body,  since  the  weight  of  the  sub- 

tance  used,  when  divided  by  the  number  of  divisions  which  the  liquid 

as  risen  (corresponding  to  tlie  weight  of  the  bulk  of  water  equal 

0  the  solid)  will,  of  course,  give  the  specific  gravity. 

Schroder,  Kopp,  and  niost  of  the  chemists  who  have  worked 
ipon  this  subject,  have  made  tlieir  calculations  upon  the  oxygen 
icale  of  equivalents  which  has  been  adopted  in  the  table. 

From  the  foregoing  table,  it  is  apparent  that  several  groups  of 
igometnc  elementary  bodies  (that  is  to  say,  bodies  possessed  of 
equal  atomic  volume),  exist ;  aud  that  between  other  groups,  mul- 
tiple relations  of  a  simple  kind  occur,  thus ; — 

1.  The  atomic  volume  of  the  group  containing  cobalt, 
CO[>per,  glucinuin,  iron,  manganese,  and  nickel,  is  double  that  of 
earbon. 

%.  There  is  some  uncertainty  about  the  true  atomic  volume  of 
iridium  aud  osmium,  since  their  specific  gravities  are  not  accurately 
nown,  but  from  the  isomorphous  relatioiiB  of  these  bodies  they 
are  classed  with  platinum* 
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volumes.     The  follow  in  jjf  table  contains  the  specific  gravity  and 
atomic  volume  of  a  few^  dimor|jliou8  substances. 


I 


Biioorphutui  bodi««. 

Qr^vity. 

Atomio 
Volmai, 

' 

' 

Dinmond 

Grapliito 

3'4t 
209 

33 

3^ 

(  Kative  Sulplmr  (Ottohedra]) 
i  Fn»matit'  Sulphur    ,     .     , 
( Viacoua  Sulphur   .     .     ,     *  , 

ro5 

1-98 

1*957 

975 

lOI       1 
103 

( Iceland  Spar    »     ...     . 
{  Aragonito 

272 
300 

339 

311 

(1470)  DUiurbing  influence  of  Temperature, — There  can  be  no 
doubt  that  the  atomic  volume  of  a  body  is  a  character  as  definite 
as  is  its  specific  gravity,  or  its  eqidvalent  immber ;  but  the  deterini- 
nation  of  its  precise  amount  is  opposed  by  some  pecidiar  and 
considerable  obstacles.  One  of  these  arises  from  the  difficidty 
of  accurately  determining  the  specific  gravity  of  a  solid,  under  eir- 
cumstauces  which  shall  be  properly  comparable.  Since  the  bulk 
of  all  bodies  varies  with  the  temperatm*e^  and  increases  as  the  tem- 
perature rises,  the  specific  gravity;,  as  taken  iii  the  ordinary  method^ 
will  he  liable  to  variation  according  to  the  temperature.  This 
would  be  of  little  consequence,  however,  if  the  amounts  of  expau- 
sion  produced  by  equal  increments  of  heat  were  alike  in  all  bodies  ; 
but  experiment  distinctly  proves  that  this  is  not  the  case,  and  the 
great  exteut  of  this  variation  amongst  many  of  the  simple  bodies, 
may  be  seen  by  the  subjoined  table : — 


Cubic 

Expannon  qf  some  of  the  Metahfi 

rom  ^%^  la  212°- 

Equiil  Bulki. 

AtofnieVolt[|b«a, 

|j 

H«U1. 

Ratio  of 

Antbority. 

n  , 

p*rt» 

gMin 

p^rfM 

gutn 

ExpHDsioa 

k 

100 

100 

»t  JtS^ 

•t3>^ 

•l  3ia*» 

for  *t.  Tola,    1 1 

i 

Platinum 

0354 
0*304 

44  1 

67  1 

OT47 
0  150 

1 

11 
0*150     Dulong  and  Petit* 

1 

Copper    . 

100 

o'5r5 

44 

0*22(5 

1*5 

0-325 

Lavowier  and  Luplace 

Zinc    .     . 

100 

0-882 

^11 

o'333 

3 

0*300 

Smeaton. 

Gold  .    . 

too 

0440 

0-583 

o6qo 

Lavoisier  and  Laplace 

Tin     .    . 

100 

0581 

101 

0-586 

4 

Do 

Antimony 

100 

0325 

334 

0*738 

S 

0-750 

Smeaton. 

^ 

Silver .     . 

100 

0*573 

138 

0733' 

Lavoisier  and  Laplace 

1 

Lead  .     . 

100 

0*854 

>M 

0*974 

6-5 

0975 

Bo 

I 

Bbmuth  . 

100 

0*417 

270 

vt26 

7'5 

1125 

Smeaton. 

1 

Mercury . 

100 

VB02 

91 

1-640 

ti 

1-650 

Dulong  and  Petit. 

ANI 
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le  cases,  owing  partly,  perhaps^  to  the  dimorphism  of  sulphur. 

Eld  to  the  impossibility  of  ascertaining  which  modification  of  this 
ement  may  be  present  in  the  compound. 

The  sidpliates  are  regarded  by  Kopp  as  consisting  of  M,  SO^. 
Iiey  are  subdivided  by  him  into  two  classes  :  in  the  first  class,  SO4 
fi«sumed  to  possess  a  volume—  1H6,  in  tho  second,  a  volume  =  236, 
Jhere  is  no  simple  relation  between  these  two  numbers;  but  if  we 
iew  the  sulphates  as  formed  upon  the  plan  MO,  SO3,  and  deduct 
nom  the  numbers  assigned  by  K<jpp  for  SO4,  3  a  as  the  atomic 
olume  of  an  equivalent  of  oxygen  (adding  it  in  all  cases  to  the 
umbers  whicli  represent  the  atomic  volume  of  the  metal  in  the 
■It)]  the  numljers  which  represent  SOj  in  the  two  classes  will  be 
54  aud  204.  Now  by  substituting  153  fur  154,  wc  may  represent  the 
o  volumes  of  SO^  by  numbci^  which  arc  in  the  ratio  of  3  :  4, and 
^  this  slight  alteration  be  adopted,  the  atomic  volumes  obtained  by 
Iculation  agree  as  well  with  those  fm*ULshed  by  experiment  as 
3§e  which  have  been  calculated  by  Kopp, 
In  the  chromates,  the  tungstatca,  the  carbonates,  and  tho 
itrates,  but  a  single  class  has  been  recognised  for  each  acid  : — 


StJtFUAtKS^  Class  I.    SO,  =  153, 


Vmua  of  MUt.     Bqt.No.l 
'ormuUMO.fiOi)  Os  loo. 


CftlcuUled 
Atonik  Vuliiiii». 


Lead  . 
PaUoh 


I  1148 


266  +  155  =  419 


CakuJ. 
Sp.gf. 


59* 


OhnnrM 
B|»ciilc  Orikiriljr. 


76  +  304=-a8o 
160 +  104 -364 
S9  +  i04»«93 
93+104  =  196 
71 +  104 1=176 
161+ 104  ■■  366 


6'30j  Moll*,  Filliol ;    6' 1 7,  KarsteD. 

4*45^  Mohs;  4'^'20,  KarAtvn. 

i'6],  KjLrBt«Uf  FlJbot;  3  66,  Kopp; 

1*64,  Flnffair  and  Joule. 
3-50»  Kartten;  377,  Filhul;  3-95, 

IireitlitiQpt* 

SO,  =  304. 

3'55,  Kartten»  FUhol;  3*631,  Pliij- 

f&ir  nnd  Jonte. 
5*74,Krirst«ii;  5>'4i,  Filhol;  5*3H| 

PJu>'fair  aud  Jouks 
3^40,  Karsieti,  Filhol;  3 '681,  Plaj- 

fttir  nud  Joule, 
1  93,  KarsteJi ;  3*  101,  Filliol ;  1*96, 

Naainann. 
1  6i»KBLt^t«n;  i'6a8,FiJhol;  1  706^ 

F  Lay  fair  and  Jouk. 
1*63,  Kopp;  ^'619,  Pilhol;  «'597, 

Play  fair  afld  Jorjle,         


I>.CrO,. 


Cntiosf  ATi8>  CrO,  -  196. 

146  +  196=341  5*91  5  95»Breitliinipt;  6-oo,Moliaj5*653, 
Fluyfair  and  Joule. 

36^  +  f96»46i  i"63  1*64,  KarBten;  1-74,  Kopp;  i'68i, 
Play  fair  und  Joule* 

i6o  +  i96a35g    5*83      577*  Flayfalr  and  Joule^ 


MO.WO,. 
Lead  . 
Lime . 


1844 
tBoo 


TtJt&nATMs,  WO, 

146  +  111=3581   7'94  I 
9i  +  iti»304!  5*9*  ' 


8*0,  Qroelin;  8*1,  Lconliard. 
6  04,  Kanrtea;  6  03,  Meiaatier* 
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Caabohatw.    CO,  r=  119.                                             J 

ITlUMofSKlt. 

Eqi.Ho. 

Caleulated 

CaImiL                                Obwrrwl 

(Formu]AliO,CO,) 

Ostoo. 

Attimkyolnma. 

8p.gr,                        8pecill«  (Jr»Tity, 

Cadmium 

113  +  119  =  ^31 

4-63      4*4lt  HcTupatli:  449,  Eopp. 

Irao    .     ,     . 

725 

76  +  119=195 

3*71      3'8i9t  Mobi;  3*871,  Naamami. 

Lead  ,     ,     , 

1670 

146  +  119=1165 

630   1  6-4.^,  Karateo;  6-47,  BmUixMi|ik 

Mfl^ganese   . 

7»^ 

76+119-=  195 

3-70 

3'55''r5Qi  Moha. 

Silver      .     . 

1725 

160+  II9-179 

618 

6*08,  Karsteru 

Zinc    .     .     . 

78t 

89+119=108 

375 

4'44,MoUa;  4*4 — 4*5,  NouiuatiD, 

Baryta     *     . 

1^33 

175  +  119  =  394 

4-'9 

4*30,  Kiirsten,  Moh«  ;  4*14,  Breit* 

haupt;  4-565,  FilboL 

Lime.     .     . 

6.5 

9i  +  it9s3it 

1-96 

3 '00,  fAragonite)  Breithaupt ;   f*jj3, 
Moha;  170  (IceUod  spJtr),  likr- 
■tea;  i'7i,  BeuJtint. 

MagneiBA      , 

5^5 

71 +f  19=  191 

175 

Potash     .     . 

8611 

166  +  119=385     t'74 

a*i6,KarBtea*  ii67,Filhol;  I'to^g 

Plajfair  and  Joule. 

Sodii  .     .     . 

662 

161  +  119  =  981 

138 

1  '47,  Karetea ;  2  '509,  Filhol ;  a  •417, 

Playfair  and  Joule*                           t 

Strontia  .     .       513 

140+119  =  159 

3-56 

3-60,  Moks;  3*6i»  Karsten, 

(MO,NO,).                                   NtTftATlS.     KOj  ^  3^^. 

L6ad  .     .     . 

106^ 

146  +  326-4711  432 

4'58r,Pilliol;  440,  Karatenj  4-34, 
Kopp;  4  "3 16,  Playfair  and  Joule. 

Silver      .     * 

3I1S 

160  +  316-486  j  4-37 

4  36,  Kargten;  4*33<5,  Playfair  and 

Joule. 
1 74,  Kopp ;  I  *635, Playfair  and  Joule. 

AmtnontA     . 

TOGO 

150  +  326  =  576     f7' 

Barjta     .     . 

1634 

'75+31^-50*     3**6 

3*20o,Fiiliol;  3*19, Karatea;  3*184, 
Playfair  aud  Joule.                          j  ^ 

Lime  .     .     . 

1015 

95  +  316-418    1'45 

1*140,  Filliul.                                         ^H 

Fota&h     .     . 

1163 

166  +  316*591    iJJ 

1*10,  KarBicn;  1*06,  Kopp;    1*07,  '^ 
Playfair  anrl  Jouk. 

Soaji  .     .     .  1 

J  063 

161+316-488    1*19 

i'i60jFilhol,KarBteti;  1*19,  Miurx; 
1-10,  Kopp;   I'lSi,  Playfau-mnd 
Joule. 

Strootia  .    . 

13^4 

140 +  31*5^466    184 

i-857,Fil!iol;  i'84,Kar«ten;  1*704, 

Plnyfair  aud  Joule. 

(147  a)    3.  Vohimes   of  Compounds  in  Soluiion.—A  scries   of 

^^H         interesting  researches  was  made  a  few  years  ago  by  Playfair  and 

^^H          Joule  upon  the  bulk  occupied  by  tbe  equivalent  quantities  of  dif- 

^^H         fereot  solid  eom pounds,  compared  with  that  which  they  occupy  whei^| 

^^m         in  solution  (PhtL  Mag.,  1845,  vol.  xxvii.).      Some  of  these  reWtlH 

^^H         are  included  in  the  table  (page  774),  in  whieb  they  are  all  rcferredH 

^^H         to  the  quantity  of  water  in  grains  which  an  equivalent  in  grains  o^H 

^^H         eaeh  substance  (11=  1)  would  displace  when  immersed  in  water.      ^ 

^^H                The  quantity  of  water  di.splaced  is  easily  calculated  by  dividing 

^^H        the  equivalent  number  of  the  substance  by  its  specific  gravity*    lifl 

^^H        was  in   these   cases  determined  experimentally  by  taking  a  givei^^J 

^^H         weiglit,  say  an  equivalent  in  grains,  of  the  substance  imder  trialJH 

^^H        and  intrmluciiig  it  iuto  the  volnmenoraeter,  descrilied  at  page  *j6^. 

^^H                When  known  quantities  of  different  salts  were  brought  into 

^^H        solution^  and  the  increase  of  bulk  in  the  liquid  thus  produced  was      . 

^^V       wcertained,  it  was  found— i.  That  a  salt  when  in  solution  alwayiM 
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CUpies  less  space  than  it  did  when  in  the  solid  stAte* — 2,  That 
llivaleut  quautities  of  different  salts  when  in  solution  occupy 
Lher  the  same  volume,  or  volumes  which  arc  simple  multiples  or 
ibmnltiplcs  of  each  otlier.*  IS  9  (the  equivalent  volume  of  water) 
I  assumed  as  the  standard  of  comi>arisou,  au  equivalent  of  the 
flerent  salts,  when  dissolved  in  water,  increases  the  volume  of  the 
quid  by  9,  or  by  some  multiple  of  9.      For  instance^  87  grains  or 

equivalent  of  sulphate  of  potash  in  its  dry  stnte^  dissplaces  33 
minsof  water^  but  it  increases  the  bulk  of  the  liquid  by  only  18 
rain  measures  when  in  solution  ;  101  g^raius  of  nitrate  of  potash  iu 
solid  form  displace  48  i^rains  of  water,  but  when  in  solution 
f  displace  ^6  grains.  In  the  case  of  carbonate  of  potash  the 
ondensation  is  still  greater ;  for  69  grains  of  the  solid  salt  occupy  a 
)ace  of  39  water  grains,  and  of  9  only  when  in  solution.  It  is, 
owever,  necessary  to  remark  that  the  volume  occupied  by  the 
It  when  in  solution  is  somewhat  influenced  by  the  degree  of 
►turatioa  of  the  liquid,  the  increase  of  volume  being  slightly 
reater  when  the  solution  approaches  the  point  of  saturation* 
'hus  it  was  found  in  the  case  of  cane  sugar,  that  when  an  equi- 
alent  of  sugar  (171  grains)  was  dissolved  in  ditlerent  amounts  of 

tcr^  the  increase  in  volume  of  the  solution  was    as  follows  ; — 


Bugw.         W»ter. 

TcmiMnttin. 

Atomic  Volttin«  in 
jgTMln  Mpft4iire«  of 
W»ter. 

I        :      130 
I        :        10 
I       :         I 
3       =         I 

fio° 

5^" 

9900 

105^09 
10701 
108*06 

3,  Tliatwhcn  a  salt  usually  crystallines  with  a  large  proportion 
water  of  crystallization,  such  salt,  when  reduced  to  the  anhy- 
jrous  state,  may  be  dissolved  in  water  without  increasing  its  bulk.t 


'The  atomic  volume  of  a  salt  m  aolution*  lio  we  vcr,  varies  considemblj' 

f\th  the  tomperattire,  and  inrrcjjsefl  rnpidly  as  the  temperoUirc  rhc»,  »o  tlint 
t  ia  only  at  a  pariieulnr  lemperature  for  cai-h  suit  tbat  tliisj  law  bolda  true* 
Thus  the  solution  volume  of  an  e<xutvjilent  of  each  of  the  follomng  salta 
ifor— 
[Sulphate  of  zme  .     ,    ZnO,  SO,,  7  Aq,       at  31^  =  561     at  90°  =  ^3 
„  magnesia    MgO,  SOj*  7  Ai|.        at    „     =  60*8     at  85°  =  63 

iron*     .     FeO^SO^.  7Aq.       at    ,,     —  6vo    at  Ho*^  =  63. 
t  This  observation  wa«  origiDaUy  made  by  Dalton,  but  be  sappoded  tliat 
all  eiii»efi  wben  a  salt  was  dissolved  in  water,  the  bulk  of  tbe  liquid  was 
ItereJ,  except  by  the  bulk  of  water  which  tke  aalt  niigUt  contain. 
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For  example^  anhydrous  carbonate  of  soda,  and  the  anhydrcms 
sulphates  of  soda  and  of  magnesia,  may  be  brought  into  solution 
without  adding  to  the  bulk  of  the  liquid.  If  the  salts  be  dissolved 
in  their  hydrated  form,  they  increase  the  bulk  of  the  liquid  solelj 
by  the  number  of  grains  of  water  of  crystallization  which  they 
contain  t  tlms  143  grains,  or  one  equivalent  in  grains  of  crystal* 
lized  cai^bonate  of  soda,  or  j6i  grains  of  the  crystallized  sulphate 
of  soda,  each  of  which  contains  90  grains,  or  10  equivalents  of 
water  of  crystallization,  causes  an  increase  of  90  grain  measures 
the  bulk  of  the  water  in  which  it  is  dissolved;  123  grains,  or 
equivalent  of  sulphate  of  magnesia,  containing  7  equivalents  or 
grains  of  water,  occasions  an  increase  of  63  grain  measures  of  wat 
when  brought  into  solution. 

Volumes  in  grains  of  water  of  an  equivalent  in  grains  of  several 
ajihi/drotis  miiSj  both  when  dry  and  when  in  solution  (II  =  i). 


Kkini* 

Ch1ori4». 

IH-amiai', 

laAia^. 

8tUpluit«. 

Kitnt«. 

C*rbc 

'Il#l«^ 

^           51 

of  the  MetnJ. 

^'^  ^: 

Dry. 

lion, !  "^' 

1 

8olu- 

Dry. 

tiun. 

Dry. 

lion. 

^*^   1^^ 

Potafisiiuii  * 

39"3 

268 

44^0 

28-8: 54'2 

44*0 

33*0 

1 8^0 

48-g 

361 

33*0  9-^ 

Sodium ,     . 

292I183 

19.0,    ... 

^7;^ 

16 

39*1 

26-5 

22  0      0  1 

Ammonium 

340 

35'7 

,*, 

27-0 

491 

45*5 

... 

...^ 

Calcium      , 

aa*ft 

r6 

»«> 

23*4 

. . » 

*nm 

. .  jB 

StToutium  . 

0 

39'* 

26-5 

•  >. 

J 

Barium .     . 

9^8 

23-9 

39*8 

270 
i8-8 

... 

*4 

Mti^aesium 

22' I 

2*0 

i.. 

32*5 

0 

4   .* 

•  -• 

.Jl 

Zioc .     .     • 

21  85 

0 

..♦ 

_ 

.19 

Iron  ,     .     , 

.«. 

»>• 

240 

0 

♦  .. 

*.. 

... 

,jM 

Cobalt    ,     . 

22*1 

... 

220 

«* 

a.mm 

Copper  .     . 

22c 

8"i 

... 

22*0 

0 

^ 

l8-2 

*«« 

Li-ad      .     . 

M*5 

*.. 

... 

24- 1 

< . . 

38-4 

35*4 

..* 

Mert'ury     . 

220 

r8-4 

»»* 

... 

.•% 

Silver    .     . 

2    1 

1 
...    1    ,.. 

,., 

294 

... 

39     a 

27-2 

... 

(1473)  4.  Aitmiic  Volumes  of  Liquids  of  Analogous  Comjjosiiio 
— In  the  year  1842  an  important  paper  was  published  by  Kof 
(Liebig's  AnnuL  xli.  79,  169),  in  winch  he  showed  that  whc 
liquids  belonging  to  one  homologous  series  are  compared  with  cot 
responding  terms  of  other  collateral  homologous  series  [vide  table 
p.  32),  like  difl'crenccs  arc  observed  in  their  atomic  volume 
"VVhen^  for  instancCj  the  atomic  volume  of  a  hydrated  acid  (HO^ . 
(A  representing  an  equivalent  of  any  monobasic  anliydrous  acidf 
is  compared  with  its  corresponding  vinic  ether  (C^llf^O,  A),  tho  1 
atomic  volume  of  the  hydrated  acid,  at  ordinary  temperatures,  jf^^ 
about  534  less  than  that  of  the  corresponding  compound  ether?^ 
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The  ft tomic  volume  of  the  bydrated  acid  (HO,  A)  is  about  300  less 

than  that  of  its  corresponding  raethylic  cumpoimd  (C3H3OJ  A);  and 
as  a  necessary  oonsequcuee,  the  atomic  volume  of  an  et hylic  cora- 
ponnd  is  about  234  greater  than  that  of  the  corresponding  raethylic 
compound.  A  more  careful  examination  of  the  subject  has  shown 
that  the  somewhat  cou.^idcrable  divergences  observed  between  the 
atomic  volumes  calculated  according  to  these  laws,  and  those 
actually  found  by  observation,  are  materially  reduced  if  the  liquids 
be  compared,  not  at  eqtial  tempcraturesj  but  at  corresponding  tem- 
peratures. Corresponding  temperatures  are  tliose  at  Avbich  the 
cohesion  of  the  liquidi*  compared  is  equal  j  or  temperatures  at  which 
the  liquids  emit  vapours  of  equal  tension.  The  tension  of  the  vapours 
of  diilercnt  liquids  through  the  required  range  of  tlic  thermometric 
scale  is,  however,  only  known  in  a  few  instances;  but  it  may  be 
assum^ed  without  any  very  serious  error,  that  correspondbig  tem- 
peratures in  liquids  are  tliose  situated  at  equal  distances  below 
the  boiling:  points  of  the  liquids  under  comparison.  Thus,  if  the 
boiling  point  of  alcohol  be  1  73^  and  if  that  of  ether  he  94**,  the 
temperature  of  60''  F.  would  not  be  a  correspond lug  temperature  for 
these  liqtuds  j  but  if  the  alcohol  be  at  60*",  which  is  113'*  below  its 
boiling  point,  the  corresponding  temperature  for  ether  would  be 
115^  below  its  boiling  point,  or — 19°. 

The  atomic  volume  t;  of  a  compound  increases  as  the  tempera- 
ture rises.  Tliis^  indeed,  must  be  evident  from  the  consideration 
that  the  speciiic  gravity  d  diminishes  as  the  temperature  rises, 
wliilst  the   equivalent   number    q   remains    constant;    and    since 

-T-  =  V,  the  atomic  volume  must  necessarily  vary  inversely  as  the 

density  of  the  body,  and  consequently  must  increase  as  the  tempera- 
ture rises.  In  making  comparisons  of  atomic  volumes  of  com[K)uuds 
it  is  found  advantageous  in  practice  always  to  calculate  them  for 
the  boiling  point  of  the  resi*eetive  liquids  under  a  pressure  equal 
to  that  of  30  inches  of  nicrcury. 

At  the  time  when  Kopp  first  called  attention  to  the  atomic 
volume  of  liquids^  few  really  exact  data  existed,  by  means  of 
which  his  conclusions  could  be  rigidly  tested.  Since  that  period 
both  Pierre  {Ann,  de  Ckhuie,  III.  xv.  325;  xix.  193,  and  xx.  5.) 
and  Kopp  himself  (Poggcndorff's  AnnaL  Ixxii*  i  and  223,  Liebig's 
AnnaL  xciv.  257,  xcv,  307),  have  published  a  series  of  important 
and  elaborate  researches  upon  the  specitic  gi*avity,  the  expansion, 
and  tlie  boiling  points  of  a  considerable  numl>er  of  liquids,  by  means 
of  which  the  atomic  volume  of  these  liquids  at  the  boiling  poiat 
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macf  be  calculated.     The   following  table  contains   the  results  i 
Kopp'fl  inquiries  arranged  for  the  convenience  of  comparison : — 


loTConpoaad. 


Water  •  , 
Wood  spirit 
Alcohol  *  . 
Fouscl  oil  . 
GArbolioadd 
Benzo-alcohol 


Foroiic  acid .    , 
Acetic  acid  ,    , 
Pn>pionic  acid  * 
liutj'Hc  acid 
Valeric  acid 
Be. azoic  acid 
Acetic  ttolivdride 


Ether 

Formiate  of  metliyl 
Aoctatc  of  metbvl'1 
Fonniaie  of  ethvl  j 
Acelatc  of  ethyl  . 
Butyrate  of  jnetliyn 
Pmpi  oiiatc  of  et  liy  [j 
Vale  rule  of  nictljyh 
Butyratc  of  elh jl  I 
Acetate  of  tetryl  | 
Formiate  of  amyl  J 
Valerate  of  ethyl  "I 
Acetate  of  arajl  / 
Valerate  of  amvl  . 
Beiizoatc  of  melbjl 
Btfiizoate  of  ell ly  I  . 
Jteuzoate  of  aoiyl  , 
CiJiiinniate  of  etliyl 
Salicylate  of  methyl 
Carbnmite  of  ethyl 
Oxalate  of  tuetbyl 
Uxalrite  of  ethyl  . 
Succinate  of  ethyl 


9^5 


C,H.U.  HO 

c,  n,  o,  HO 

C,oH„0,  HO 
CijHj  O,  HO 

^JlyO,   UO^ 

HO;C,HO, 
HO.  C,  H,0, 
HO.  C«  HjQ- 
HO,  C,  HjO, 
HO,  CJi,(X 
HO,  C\,H.O, 

c,H,o,c,kA 

CjH^CC.HO. 
C,H,0,C,  HA"    ,    , 

c,  H,n,c,  no,  9J5 

c,  n,  o.c,  11303!  1100 

CjH3  0AH,oli275 
0,H,O.C,ILoli275 

C,  H4  0,C^H,0;i4^jO 
C,H,0,C4H303 
C,,H,AC,H03 
C,H,O.C,aHA 

c,,ii„o,c,  HA 

C„Hn<».C,„HA 
CgH^O.Cj.HA 
C,H,O.C„HA 

C,  H,0,C^,HA 
C,  H   0,C„UA 

C\H,  O^C.O, 
CJI  O^C.O, 


I'OOO 

0*8147 
08095 

toSoH 

1-0628 


Atomic 
Yc4ttme  mt 


235*0 

5^75 
78  ro 

t.SoO'O 

13000 

i.^6'o 


1%22J7 
1 10620* 

i'oi6i 

ot}HH6 

|ro»3«ti 
,  1*0969 


Aoetone  .  .  .  . 
AJdchyd  ,  ,  .  . 
Valcnihlehyd  ,  , 
Hydride  of  benzoyl 
Hydride  of  cumyl 
Bejuiuie  ,  ■  *  , 
C!ymole  »  .  *  , 
Naphthalin  ,  .  , 
(Tetryl      .    .    .     . 


C,H,0. 
C,H,0, 

LjjylljjO^ 

CjoH^j 

Cg^H, 


07366 
0*9984 
0956J 

09394 
0-9IO5 

0'9210 

09331 

0-9015 

0*904 1 
00004 

08945 
0*8839 

0*8837 

08793 

i*ioj6 
ro657 
10039 
1*0656 

IT  969 

o*999H 


380*4 


10675 

13475 

1640-0 
15860 
'3750 


Diir.  in  At  I 
Tt>l.  for 


392-5 

3X3s6j 
34I5 


933 

968 
13  ro 
1310 
165-3 

T994 
»99"4 

267-8 
367-8 
3704 
3740 
408*2 

5 to  8 

5000 

433'4 
2'SS 


''5^6:3336 
1*1016    366-8 

1*0718   1423.6 


'075 

1850 

975 

J  675 

1600 


08144 
08009 

0"8324 

t  0636 

0*0833 

00991 

0*8778 

o'9774§ 


1  *5^*^ 


U35|o'7i35  12^6*4 


13^50 

782*5 
1060*0 
1068*7 
1345*0 
1SB12 

»q72*5 

1865*0 

1865*0 

1866-3 

187^'S 
3168-7 

2166*0 
305«o 

1879*0 
21^50 
30>«'o 

3641  "3 

1867*5 

173*7 

M53  7 
20S75 

3612*5 


*75o 
170*0 
380*0 
392*5 


966-3 
7ri'a 

1499*8 
1 480-0 

23^»5'o 
12000 

23^7*5 
1890*0 
3306-3 


277*5& 

3863 

3850* 

^76'J 

2j6*J 


306*0 
3x303*7 


3x316*; 


' 


3x362 


.td 


(1474)   Tlie  atomic  voltiraes  ^ven  in  the  foregoing  table  are 
those  calculated  by  Kopp,  for  the  ioUin^  point  of  their  rcspectii 


♦  At  63**. 


t  At  350" 


J  At  t33\ 


§  At  175'. 
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lids  given  in  the  fifth  column  of  the  tabic.  These  boiling  points 

not  in  all  cases  the   actual   uumhera  olytained    by  experiment, 

it  ai'e  in  some  instances  modified  according  to  considerations  ex- 

atined  in  (1475),  since  the  boiling  point  of  many  substances  is  only 

pproximatively  known^  the   estimates  of  diflercnt  observers  some- 

les  varying  several  degrees.     The  atomic  volumes  contained  in 

kb  tablcj  therefore,  differ  from  the  earlier   calculations   already 

ferred  to,  which  were  all  made  at  ordinary  temperatures.     Now, 

appears,  if  we  compai'e  the  hydrated  acids  contained  in  Divi- 

II,  of  the  table   with   the   ethers   in  Division  II I. ^  that  the 

amic  volume  of  the  hydruted  acid  is  about  537  less  than    that 

the  corresponding  ether ;  for  instance  : — 

At.  Vol 
Formic  ether  ^  1068 '7 
Fonaic  acid    ^   522*5 


Al,  VoL 

tityric  ether  =  1865*0 
Sutyric  acid  ^  i347'5 


At.  Vol 

Acetic  ether  =  1345*0 


Acetic  acid    ^ 


Diflercnco       517*5  547^5  546-2 

ie  difterencc  between  the  atomic  volume  of  the  hydrated  acid 
dd  that  of  its  corresponding  methylic  compound  is  about  252  : — 


ttiyr.  methyl  =  1581"  a  I  Acet  methyl  —  1060*0 
lyric  acid    =  13475    Acetic  acid     =    797'5 


Form»  metliyl     ==  782*5 
Formic  acid        =^  522*5 


2337  362-5  afio-o 

may  be  seen  by  inspection  of  the  tablcj  the  mean  difference 
the  atomic  volume  of  the  corresponding  compounds  in  the 
tbyl  and  the  methyl  series  is  about  29^  : — 


aler.  ethyl   =  2170*0  |  Butyr.  ethyl    =  1 865*0 
Taler.metliyi—  i865'o  I  Butyr.methjl  =  1581*2 


Acet*  ethyl         ^  1345 
Acet.  methyl     ^  1060 

3«>5'o  I  383*8  285*0 

Now,  since  the  corresponding  compounds  of  the  ethylic  and  the 
ethylic  series  differ  by  (C3H2)  this  mean  difference  in  the  atomic 
dume  of  such  corresponding  compounds  has  been  assumed  by 
opp  to  represent  the  volume  occupied  by  each  equivalent  of  (C3II3) 
hen  in  combination.  This  difference,  it  will  be  seen  from  the 
iregoiog  tablcj  mngea  in  a  large  number  of  compounds  between 
[50  and  300.  Kopp  fixes  375  as  its  average  value  at  the 
oiling  point  of  each  compound. 

Isomeric  liquids  of  analogous  composition,  such,  for  instance,  as 
he  diflbrcnt  mctameric  compound  ethers,  possess  atomic  volumes 
hich  are  sensibly  equal  to  each  other;  such,  for  instance,  as: — 

tatyric  acid     HO.  L\Hj03-i347-5  I  Valor,  metliyl  C,H,0,C,,,H,0,=  i865 
.ceticeth«rC,H,0,C,F1^03=i345     |  Eutyr,  ethyl     C,0,OX^»  UyO,=  i865 

umerous  other  cases  may^  also  be  seen  by  comparing  the  volumes 
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of  the  ctlicrs  which  are  bracketed  together  in  the  table,  p.  775. 
But  if  the  isomeric  compounds  belong  to  difierent  and  dissimilar 
series^  the  same  carreepondence  is  not  observed ;  for  example : — 


Acetone     .     .     .  {Ct.HgOs)a=  1932-4 

67-4 


Aldehyd      *    .     (C,H,0,),=t  453*4 

Butyric  acid  HO^C^HyO,    —1347'S 

74*9 
By  compariikg  together  liquids  which  contain  the  same  number 
of  equivalents,  but  in  which  a  certain  number  of  equivalents  of 
oxygen  have  been  substituted  for  a  similar  number  of  equivalents 
of  hydrogen,  it  is  found,  contrary  to  an  opinion  formerly  expressed 
by  Kopp,  that  the  atomic  volume  of  oxygen  is  somewhat  greater 
than  that  of  hydrogen  ;  as  for  example : — 


I 


Acetic  auliydride 
Butyric  acid  .     . 


C,H,0.^i375'o 
<^6H»0^=i347-5 

27-5 


Acetic  acid 
Alcohol 


4 


From  a  similar  comparison  of  compounds  in  which  a  certain 
number  of  equivalents  of  carbon  have  taken  the  place  of  an  equal 
immber  of  equivalents  of  hydrogen,  it  has  been  concluded  that  the 
volumes  of  carbon  and  of  hydrogen  are  equal*  This  is  exemplified, 
according  to  Kopp,  in  the  corresponding  eomponnds  of  the  valeric 
(CnjHu/lJ,  and  the  benzoic  (Ci^ll^jOJ  acids;  but  the  examples  which 
he  has  selected  to  prove  this  point  indicate  that  there  is  a  slight 
difference  in  the  volumes  of  the  two  elements;  thus —  J 


Benzootc  of  J  

Tnelliyl       (  ^ 

Valenite    of )  

methyl       ]  ^ 


Benzoic  ether  =   2185  I  Benxoate  of  amyl  =  3096 
1  Valeric  ether    =2    3170    Valerate  of  amyl  =  3051 


14  \  '5 

For  the  fiirtlicr  prosecution  of  tliis  subject  the  reader  is  refi 
to  Kopp's  interesting  papers  in  Liebig's  Annalen,  Bd.  xcv*  and  xc 

The  general  conclusion  which  it  appears  w^e  are  at  present  w. 
ranted  in  drawing  from  these  observations  is  the  following  : — -Tb 
in  homologous  compounds  there  is  a  definite  and  constant  diflbrcn* 
in  their  atomic  volume  corresjKJuding  to  each  successive  addition  of 
C^Hj,  but  that  the  number  which  expresses  this  constant  difference 
in   one   class  of  compounds  ditlcrs  from   that  which   expresses  it 
in  other  classes  of  homologous  compounds, 

(1475)  ^^PP*^  ^^'"'  ^/  '^^^  Boiling  Points. — At  the  same  timi 
that  Kopp  iM>iuted  out  the  regular  increase  in  atomic  volume 
wliich  the  successive  terms  of  the  same  homologous  series  exhibit^ 
lie  called  attention  to  a  not  less  remarkable  regularity  in  the 
increase  of  the  temperature  required  to  produce  ebullition  as  the 
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siramber  of  equivaleuts  of  (CsH,)  increases  in  the  compound.     By 

::iii8pectiiig  the  table  at  p.  776  Div.  III.,  it  will  be  seen  on  compar- 

fiBg  the  boiling  points  of  the  compounds  of  ethyl  and  of  methyl, 

tiiat  for  ererj  addition  of  0^11%  in  the  empirical  formula,  a  rise  in 

the  boiling  point  of  about  36^  F.  takes  place. 

The  rise  of  temperature  for  each  additional  equivalent  of 
GgH^  differs,  however,  in  different  classes  of  homologous  compounds, 
as  may  be  seen  by  an  examination  of  the  following  table,  from 
irhich  it  appears  that  in  the  alcohols  the  mean  elevation  of  the 
boiling  point  for  CsH^is  31^*4.  In  the  aldehyds  it  is  47°,  though 
in  this  class  the  divergences  from  the  mean  are  so  considerable 
that  it  is  probable  that  several  of  the  assigned  boiling  points  are 
inaccurate.  In  the  radicles  of  the  alcohols  the  mean  rise  is  42^, 
and  in  the  homologues  of  benzole  it  is  41^.  In  the  acich  of  the 
noetic  series  it  is  38^*9,  and  in  the  aniline  bases  it  is  30^-5. 


Bthen. 

ForanU. 

OlMenred  Boiling  Point. 

Xetfay lie  ether.    . 

C,H,0, 

-5°-8.  Berthelot. 

Meihylethylicether 
Xthyfio  ether    •    . 

C,  H,  0, 

+5i''-8,  Williamson. 

C.HjoO, 

93^3,Duma8;  93'^*5.Kopp;  94^*8, Andrews; 
os^Delffsi  95-9,Pierre;  96-3,GayLussac. 
1 6i^-6,  Williamson. 

ICetiiyUmylic  ether 
Ethyl  tetrylio  ether 

^11^14^1 

CwH,A 

I72°-A— 176^  Wurtz. 
333®'0,  Williamson. 

Xthyl  amylic  ether 

CmHwOj 

Tetiylio  ether  .    . 

C„H„0, 

2i3°— 3i9°-aP  Wurtz. 

Amylic  ether    .    • 

C^HdO, 

33i°-8— 333°-6?  Balard;  338^-o,Gaiiltier; 
347°--30i°.  Kiockher. 

Akoholi. 

Mem  difference  for  CjH,  =  44°  F. 

Wood  spirit .    .    . 

C,H,0, 

148°— i49°-2.Kopp;  i400,Kane;  I40**'9— 
I4i°'8.  Delffs. 

Sthylio alcohol.    . 

C4  H,  0, 

I73°*4— 173°-8,  Kopp;  i7a°*3,  Andrews; 

173°,  Pierre ;  i73'^i,  Gay  Lussac. 
304*-8.  Chancel. 

Tritylio  do.  .    .    . 

C,  H,  0, 

Teti^lio  do. .    .    . 
Amylic  do.  •    .    . 

C,  H„0, 

328^-2,  Wurtz. 

CioH„0, 

366°*7 — 271^-4,  Kopp;    369°-4,   Pierre; 
269°-6.  De\\i\  CuLurs. 

Hezylic  do. .    .    . 

C„HmO, 

398°-30(/,  Faget. 

HepWlic  do.     .    . 
OetyOedo.  .    .    . 

P 
360°-,  Bouis ;  352°*4.  Moscbnin. 

Acetic 

lean  difference  for  C,1I,  =  si°'4  J^'« 

C4  n4  0,     7i°-4.  LiebiK ;  71°'^.  Ticrro ;  67^8,  Kopp, 

Propylic  .... 
Batylic    .... 

c,  n.  0, 

Cs  H,  0, 

131*^—149°,  (TUckolborKiT. 
I54<' — 167^  (fueki'l border. 

Yalmo    .... 

c>lol 

i99°-2,  Kopp ;  204°'8— 2o6*'-6,  Parkinson; 

2o6*^*6,  Limprirht. 
311°— 3160-4,  Bussy. 

^nanthylic .    .    . 

CuHhO, 

»-wylio  .... 

Ci.tlieO, 

P 

tii 

C«H^O, 

446^  Gerhardt, 

J! 

kfean  diOerenco  for  C,U,  =  47^  P* 
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Formic     ,  . 

Acetic.     .  , 
Propionic 

Butyric    •  . 

Valeric     .  . 

Caproic    .  , 

(Etmnthylic  , 

Caprylic  .  , 

Pi?Lirgonjc  . 


Acetic 

Propionic 
Butyric  . 
VaJcric  ♦ 
Capryiic  . 


C,  B.  O, 

c,  h;  o. 


Ot«Mn«d  BoaliBf  Foiikl. 


209'^-3,Liebi^ ;  iii^Wurtx;  tJi*^7»£opp. 


386°'9,Kopp;  about  284°,Dumaa  and  other 
312^8,   Kopp,   miffs;    3^5%*    Pierre; 

327*^*3.  Pelouae. 
346^1.  Delffi!;  347°,  Puma*  and  Staa; 

348°-4.  Kopp, 
388^4,  Braxier  and  Gosiletli;  39^'6— 

408°,  Fetilmg, 

P 
456°-8,  Fchling. 
^oo^'-o,  CaLoars* 


Mean  difference  tor  C,H,  =  36^. 


C,  H.  0, 


280%,  Gerliardt,  Kopp  j  278°*6,  Wnrts. 
316^-2,  Limprieht  and  Uslar. 
About  374^.  Gerhard t. 
About  419°,  Gerhardt* 
About  554°,  Cbioiza, 


Mean  difference  for  C,H,  =  22*^7* 


Mcthjlic  Ethm. 
Formiate  of  methyl 
Acetate   .... 

Propionate  .     . 
Butyrate      .     . 

Valerate      .     , 


C,  H,  O,  C3  H  O3 
C,  H,  O,  C^  H,  O, 

Mean  difference  for  C,n,  =  37*^*2. 


90°  8,  Kopp;  s>i'^'2,  Andrews. 
i3i*',i\jidrews;  I32°*3 — I32'^*6»J 
Kopp  I  1 39^* 1 1  Pierre. 


4,  Delffs;   203*'— 203°2, 


23f'2^24CP'0,  Kopp. 


opp 


'•8,  Pi 


£Uiyli«  Ethan. 

Formiate  of  ethyl 


Acetate  . 
Propionate  , 
Butyrate 
VaJerata 


Caproate 
Pelargonate 


Acetate  of  Irityl  . 
Butynile  of  trityl 

Formiate  of  tetryl 
Acetttte  of  tetryl  . 


c,  H^  o,  c,  n  o, 


i27°-2,  Pierre ;  127'^  4> Belfft:  ^ 

128^,  Liebig ;  t$d^'fi—t^i^$,  ^ 

Kopp. 
164^*7.  Kopp;  i65*'*a,  Dumaa, 

PeltTfl.  Pierre. 
204^  r,— 208^  4,  Kopp;   3I3***8, 

Limprieht  and  1  slnr. 
230^  Lerrh  j    235^^.  I>^lfla  { 

P7^"7,Kopp;  246 '2. Pierre, 
7,  Deltfa;    27i°*8,  Kopp; 
272°'.l,Otto;  27l'^-4 — 2730-2, 
Berth  elot. 
248°?  Lerch ;  323'='*6,  Felding. 
42oP'8— 424°-4,Cahour«;  435'*'2J 
Delffs. 


Mean  difference  for  CJI^  ==  38*-8. 


IC^  H7  0,  C,  U,  0,1  ^   .1  About  ig4°»  Bertlielot. 
IC,  H,  O.  C;  n,  OJ^  ^^^:  About  266*=,  do. 

|C«  H,  O.Cj  H  0,1  I  About  212^  Wurtz. 
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Oomponnd  Bthort. 


Formiate  of  amyl 
Acetate    .    .    . 
Propionate    .    . 
Valerate       .    . 
Caproate 


Acetate  of  octyl 
Lanrate  of  ethyl 

Alooliol  lUdicles. 

Ethvl  tetryl  . 

Metliylhezyl  . 
Ethyl  amyl 

Tetryl     .    .  . 

Tetirl  amyl  . 
mvl. 


Fonnala. 


Obaenred  Boilinf  Point. 


C,oH„0,  C,  H  O, 
CjqHjjO,  C4  H,  O, 

CioH„aaH,a 


237°-2,Delff8;  about  340°8,Kopp. 
27i°-4.Delffs;  272°— 379^-1, do 
About  311°',  Wrightson. 

2°-9,  Kopp. 

razier  and  ( 


B,  Br 


37.-3I.-, 


[  Gossleth. 


Mean  difference  for  C,H,  =  34°*9. 


C4  H,  O,  C21H23O3 


379°*4.  Bonis. 

507°,  Georgey ;  516°,  Delffa. 


Amyl 
Tetryl  hezyl 
Hezyl     .    . 


Hydrocarbons. 

Benaole  .    .    . 
Toloole  .    .    . 


i43°-6,  Wurtz. 

i79°*6.  do. 

i90°*4,  do. 

223°-8, Wurtz ;  226°-4,  Kolbe ;  227°-3,  Kopp. 

269°-6,  Wurtz. 

311°,  Frankland  ;  316^*4,  Wurtz. 

311°,  Wurtz. 

395°'6,  Brazier  and  GoBsleth. 


Mean  difference  for  C^H,  =  42° 


Xylole 
Cumole 

Cymole 


CuH, 


CiqB'm 


1 76^-7,  Kopp;  i76°-9,  Mansfield;   t77°-6, 

Church. 
2i^"j,  Church;  222^*8,  Glenard  and  Bou- 

dault ;  226°-4,Devillo,Pelletier andWalter; 

229°!,  Noad  ;  235°*4,  Mansfield. 
359°' If  Church  ;  204°-2,  Cahours. 


a98°'4,  Abel;  299°*  1,  Church;  304^*5,  Ger- 

hardt. 
339°*2»  Church ;  359°-8,  Mansfield ;  340°7, 

Noad;  35i°-5,lLopp. 

Mean  difference  for  C^H,  =  41^. 


In  the  homologous  ethers^  which  contain  chlorine,  bromine, 
iodine,  and  sulphur,  the  difference  in  the  boiling  point  produced 
by  each  successive  addition  of  C2II2  is  considerably  higher  than  in 
the  compound  ethers.     For  example : — 


OoBopoitndji. 


Chloride 
Chloride 
Chloride 
Chloride 
.   GUoride 

.  Romide 
Bromide 

*  Bromide 
Bromide 

,  Bromide 


of  methyl 
of  ethyl  . 
of  tetryl . 
of  amyl  . 
of  octyl  . 

of  methyl 
of  ethyl  . 
of  tetryl  . 
of  amyl  . 
of  octyl 


Formul*. 


C,  H,  CI 
C,  H,  CI 
Cs  H,  CI 

c::S;;ci 


Difference. 


Obsenred  Boiling  Point. 


H  0.0    —  4°*.  Berthelot. 
5")   »l  ^  -,o.y  Pierre. 
^><5/'5    ,V/o_,6o  Wurtz. 
^^      I  215°  6.  Piorre,  Cahours. 
^^      '  34T\  l^uis. 


Moan  difference  for  C,II,  =  50° 

C   »    »r  ',vV^o.   '  io.V-8.do. 
C^II.Br    ^^^^  ^    102^^-2.  WuH 


C,„H,,Br 
C..lI|;Br 


54 
43 


Wurtz. 
246^'*  2»  IMorre. 
i  374',  Bouii. 


Mean  difference  for  0,11,  =  43°'5« 
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COVPOBQ^ 

roranila. 

I>ii«fWfbl              Obw^edB<«ata5^«^ 

Iodide  ofm^^tbyl  . 

c,n,i 

107^6. Andrews;  in°*i,IHCTrt 

Iodide  of  ethyl      . 

C,H,I 

i6i***6,  Frankland. 

Iodide  of  tetryl     . 
Iodide  of  amyi 

C,H,I 

249<»-8.  Wurt«, 

C«H,^I 

294°  8,   Frankland;     298=^4, 

Iodide  of  octyl      . 

C,.H,,I 

4  io*^,  Bouis.                                  1 

Mean  difTerence  for  C,H,  =  43°. 

Sulphifleof  meihyl 

|C4H«8,             ,v^e  I  loss's. Hognault 
^t^ioQf            6^ If      195°  8.  Pierre. 

SulpKide  of  ethyl. 

Sulphide  of  amyl  . 

Mean  difference  for  C,IIj  =  40°' 

Methyl  mercaptan 
Ethyl  meiraptftn  . 

C,  H3  S,  HS 

a:? 
2  X  46^  8 

69^*8?  Gregory. 

C,  Hi  S,  HS 

96^  8.  Liebig. 

Tetryl  mercapfau 

C\  H^  S.  HS 

100^*4,  Hamann. 

Amyl  mcrcaptan  . 

C,yH„S,  HS 

5'    ^    I  242°  6.  KrutacU  ;  148^,  Kopp. 

Mean  diflVrence  for  CJl^  =  50''. 

Aniline  * 
Tolaidine 
Xylidine . 
Cum  i  dine 
Cymidine 

Pyridine . 
Picoline  , 
Lutidme  . 
Collidine . 


Fonnul*. 


C,.H.  N 

C„H„N 
C»,H„N 


ObMfved  Boiliaf  Penal. 


359^*6,  Hofmann. 

St>iS°'4t  MuBpratt  and  Hofmann. 

f 
437°,  Nicholson* 
482°,  Barlow, 


Mean  difference  for  CjHg  =  30°"5. 


C.,H,  N 
C„H,  N 
C,.H„N 


240^,  Anderson 
a7i^"4,  do. 
310°,     do. 
356^     do. 


Mean  difference  for  CjHj  =  38°  "7- 


A  comparison  of  metameiic  bodies  of  analogous  compositioKl 
shows  that  the  lioiling  points  of  such  compounds   coincide  veiyl 
nearly,  whereas  if  they  belong  to  series  which  differ  in  their  com* 
position,  the  boiling  points  may  vary  widely.      The  differences  be- 
tween the  liydrated  acids  and  the  compound  ethers  metameric  with 
them,  given  in  the  table  p.  780,  show  the  latter  point  very  clearlT* 

Many  of  the  differences  observed  between  the  Ixiiling  points 
obtained  by  experiment  and  the  tlieoretical  numbers^  (calculated 
according  to  Kopp's  law  of  a  constant  difference^)  may  possibly 
disappear  when  the  boiling  points  shall  have  been  more  accurately 
determined :  but  Kopp  observes,  that  it  must  not  be  assumed  that 
tlie  boiling  points  of  liquids,  when  compared  at  any  given  pressure, 
II ill  always  exhibit  the  same  differences  as  they  do  when  com- 
pared at  the  average  pressure  of  30  inches  of  mercury.    It  does  not 
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iUoir,  for  instance,  though  the  Ixiiling  point  of  ether  is  79*5  below 
;  of  alcohol,  under  a  pressure  of  30  iuchcs,  that  under  a  pressure 
15  inches,  the  diflcrence  between  these  boOing  points  should  still 
79^*5  :  since  it  is  well  known  that  what  is  called  Dal  ton's  law 
fi77),  viz. J  that  *^  all  liquids  at  equal  distances  from  their  boiling 
pointy  emit  vapours  of  equal  tension/  is  not  correct. 

The  accurate  determination  of  the  boiling  point  of  a  liquid  is 
no  means  easy,  as  might  be  inferred  from  an  inspection  of 
le  foregoing  tables,  where  many  experimentalists  of  great  skill 
ad  experience  give  for  the  same  welt*known  substanccsj  numbere 
irbich  differ  by  several  degrees  from  each  other.  Indeed,  it  has  been 
t)nnd,  iiKle|>endently  of  the  irregular  manner  in  which  many  liquids 
>il  in  glass  vessels  (167),  that  in  Bcvcral  cases  impurities  so  slight 
not  materially  to  affect  the  result  of  ultimate  analysis  of  the  sub- 
ace,  may  yet  produce  a  couaiderable  effect  upon  its  boiling  point. 
Numerous  attempts  have  been  made  to  determine  the  eftcct 
rhich  the  addition  or  the  removal  of  a  certain  number  of  equiva^ 
its  of  each  of  the  elements,  carbon,  hydrogen,  and  oxygen, 
exerts  upon  the  boiling  point  of  the  resulting  compound.  These 
attempts,  however,  have  not  led  to  any  satisfactory"  result,  since 
le  compounds  thus  compared  beloug  generally  to  difierent  series. 
Phe  aldehyds,  for  example,  cannot  satisfactorily  be  compared  with 
ae  alcohols,  and  it  is  only  in  the  same  homologous  series  that  an 
|ual  rise  in  the  boiling  point  can  be  expected  for  equal  incre- 
lents  in  the  number  of  the  constituent  elements. 

In  the  case  of  the  alcohols^  the  volatile  acids,  and  the  cora- 

l pound  ethers,  Kopp,  assuming  a  constant  difference  of  $4^2  F,  for 

C2H2,  has  calculated  a  table  of  boiling  points  w*hich  approximate 

pretty  closely  to  the  observed  numbers,  the  mean  of  the  best  obser- 

j  vations  of  which  are  contrasted  with  Kopp's  calculated  uumberSj 

[in  the  following  table: — 


■ 

1                   Akohola. 

Aaidi. 

Oanpoaad  Ithan, 

r 

+  H0. 

ObMtTVd. 

CJfli- 

HO  + 

Obienrd. 

Gkln- 

ObMmd. 

Utwj. 

Mo^'S 

n8'-2 

C,H,0, 

Jio'-e 

aio'-a 

an.o, 

'73°-o 

i7a% 

C,H  0. 

34l''-6 

J44'^4 

o.n.o. 

?l'-0 

96°-8 

c,H,o, 

ao4°-8 

jofi^-fi 

C,H,0, 

3"   8 

278"  6 

C.  H.  0, 

i3i°-8 

c.n,oO, 

a28°-2? 

24o''8 

C,H,0, 

,»°'8 

C,H,0, 

i65°-o 

C,„H„0, 

'VM 

^.^"■o 

0,.H,A 

347"^ 

^c° 

C„H,oOj 

>o'"-3 

i99°"4 

ft, 

a.H,A 

309"o 

309"-J 

c„n„o, 

38*^4 

381-a 

C„H„0, 

»36"T, 

S33°'6 

P 

G„n„o, 

F 

343''-4 

C,.H..O. 

f 

449"'0 

C.,H,A 

3H°f 

26f-8 

1 

C,.H..O. 

afio-'o 

377°6|c;,h;,o; 

45«°-8 

C,.H,.0, 

302''0 
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If  the   calculated   results    g^iven  in   the  foregoing    tabli 
assumed  to   be  accurate^   it   follows,  if  one  of  the   bodies 
tained  in  this  table  be  compared  with  others  analogouB  to  it  in 
composition,  that  the  boiling  point  wU]  be  raised  by  about  26°* t 
for  -each   additional   equivalent   of  carbon;    and  that  it  will  be^j 
reduced  by  about  26"*' ij  for  a  diminution  of  each  equivalent  <i^| 
carbon ;  but  the  effect  produced  by  hydrogen  is  the  reverse  of  that^ 
produced  by  carbon ;  since  for  every  additional  equivalent  of  hydro- 
gen,   the  boiling  point  is  lowered  9*";  and   for    every  equivalent 
of  hydrogen  wliich  is  removed,  it  is  raised  9°. 

The  reader  will  find  an  admirable  digest  of  this  subject  by  Kopp, 
in  Liebig's  Arinalen,  Bd»  xcvi. 
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(1476)  Relation  of  Specific  Heat  to  Chemical  Equivalents. — 
An  interesting  relation  has  been  traced  between  the  specific  heat^^ 
of  bodies  and  their  combining  quantities.  It  has  already  been  stated^l 
(161)  that  the  amount  of  heat  required  to  raise  equal  weights  of  dif- 
ferent substances  1*"'  in  temperature  varies  for  each  species  of  matterj 
but  is  always  constant  for  the  same  body  when  it  is  placed  und 
like  circumstances.  The  numbers  which  represent  the  respecti 
quantities  of  heat  required  to  raise  each  substance,  through  a  giv 
number  of  degrees  of  the  thermometric  scale,  when  referred  to  that 
requu-ed  to  raise  an  equal  weight  of  watcr^  through  the  same  interval 
of  temperature,  constitute  the  specific  heats  of  the  ditFerent  bodii 

By  comparing    together  quantities  of  the  various  elementa 
substances  in  the  ratio  of  their  chemical  equivalents^  and  ascertain 
ing  the  amount  of  heat  which   each   requires  to  raise  it  throng] 
equal  intervals  of  temperature,  Dulong  and  Petit  made  the  impor* 
tant  observation  that  the  quantities  of  heat  absorbed  bear  a  very 
simple  numerical  relation  to  each   other.      In  a  large  proportion 
of  instances,  the  amounts  of  heat  thus  absorbed,  allowing  for  un- 
avoidable errors  of  experiment,  are  identical ;  and  it  was  further 
observed, that  the  exceptional  cases  nearly  always  exhibit  some  simple 
multiple  relation  to  this  number.    In  other  words,  the  specific  heat 
of  an  dementan^  body  is  itwerseli/  as  its  chetnical  equivalent :  coa 
scquently,  the  product  of  the  specific  heat  of  an  element  into  i 
equivalent  number  gives,  within  certain  limits  for  errors  of  experi. 
ment,  either  a  constant  number,  or  some  multiple  of  that  Tiumber, 

Tlie  law  thus  announced  by  Dulong  and  Petit  has  been  con 
firmed  by  the  subsequent  researches  of  Regnault  upon  specific  heat 
{Ann,  de  Chimie,  II.  Ixxiii,  61,  III.  i.  129^  and  ix,  323).     Regnault 
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^ermioed  the  specific  Lcats  of  a  great  variety  of  bodies,  both 
siniple  and  compouud*  He  desi^iates  the  product  obtained  by 
muUiplyiiig  the  specific  heat  of  a  boily  by  its  chemical  equivalent, 
as  the  atomic  heat  of  the  body. 

la  17  of  the  siraple  bodies  wliich  he  examined,  most  of  which 
were  iu  a  state  of  chemical  purity,  he  found  the  atomic  heat  to 
range  between  3*31  and  2*82,  with  a  mean  of  3*13.  The  elements 
comprised  in  this  chiss  are  the  following — viz.,  aluminum,  bis- 
muth, cadmium,  cobalt,  copper,  iron,  lead,  mercnryj  nickel,  osmium, 
platinum,  rhodium,  selenium,  sulphur,  telliyium,  tin,  and  zinc, 
A  second  smaller  class  was  found  to  liavc  an  atomic  heat  whicli 
was  double  that  of  the  elements  contained  in  the  foregoing  list. 
It  comprised  silver  and  gold,  antimony,  ai'scnic  and  phosphorus, 
bromine  and  iodine,  as  well  as  potassium  and  sodium*  These 
bodies  gave  for  their  atomic  heat,  numbers  ranging  between  5*85 
and  687,  with  a  mean  of  6*42,  llcgnault  has  tlierefore  proposed 
to  divide  by  two,  the  numbers  usually  given  as  the  C(iui\'alcnts  of 
the  elements  iu  the  second  list. 

The  table  which  follows  includes  some  of  the  principal  results 
derived  from  RegnauU's  experiments,  on  a  large  number  of  elemen- 
tary bodies.  lie  found  that  the  same  element  has  a  diflerent 
specific  heat  if  examined  in  a  different  state  of  aggi*cgation  :  thus 
planished  copper  has  a  smaller  specific  heat  than  the  same  metal 
after  having  been  annealed.  Tlie  same  fact  is  exhibited  iu  dimor- 
phous bodies,  the  densest  form  having  the  lowest  specific  heat  : 
diamond  for  example,  has  a  specific  heat  of  0*1468,  whilst  graphite 
has  a  specific  heat  one-third  higher,  or  0*2018  ;  and  the  specific 
heat  of  wood  charcoal  is  still  higher,  viz.,  0*2415, 

Specific  and  Atomic  Heats  of  the  Eiemefits. 


maaaiU. 

Bp.  HMt. 

E(inivm- 

Atomic  Hfat. 

Diamond 

Graphite 

Wood  charesoal    .     ,     , 

0*1468 

0'20t8 

0*2415 

6 
If 

0-88oS 
r2io8 

1*4490 

Sidphur 

Selenium 

Tellurium 

Zitie 

Aluminum        .     ,     ,     . 

Iron 1 

Nickel 

Cobalt 

Cadmium 

o' 2  0259 

00837 

004737 

0*09555 
0*2143 

0-11379 
0*10863 
0*10696 
0*05669 

16 

39'<5 
64 

3^*5 

28 

55'7 

3ni4 

33145 
3*031 

3;i054 

3186? 

3'2045 

31553 
3*1618 

TAKT  III. 


3  E 


ATOMIC 


^NCffGc 


HtatM  ^tke 


Hb 


BfMaiM(Mli4) 

BmaiM  (Uqaid) , 

cionimi  • 
Amsiic  . 
8ilf«r     I 


4i^i 


00JI40 
003191 
003331 
00314J 
005917 

0-031063 


o'i6S7 
0^0541 3 
00843 
orio6 
0-693^ 

*>*^^ 

005077 

008140 

003084 

003701 

003144 


58*8 


3^ 

3*9129 

3*044<S 


I 


8*48 

6-11 

6748 

60914 

0-10^ 

6-5689 

6-1570 

*53777 


(1477}  Aimnic  Heals  of  Compound  BoSeg, — ^The  alloys  accord- 
ing  to  Begnatilt'g  experimeDtd,  yield  a  specific  heat  which  is 
exactly  the  mean  of  that  of  their  components ;  hence  their  atomic 
heat  is  equal  to  the  sum  of  those  of  their  components  :  but  with 
this  exception^  the  atomic  heat  of  a  compound  body  cannot  be 
calculated  like  its  chemical  equivalent,  &om  the  sum  of  the  atomic 
heata  of  itt  constituents.  The  atomic  heat  of  the  compound  is 
very  generally  less  than  that  sum,  and  it  Taries  from  this  numt 
according  as,  during  combination^  condensation  of  the  compone 
particles  has  occurred  to  a  greater  or  less  extent,  and 
to  other  hitherto  unascertained  causes. 
I  On  comparing  together  equivalent  quantities  of  isomorphous 

compounds  possessed  of  a  similar  chemical  composition,  Neumann 
found  that  they  likewise  possessed  equal  atomic  heats.  The  dif- 
ferences from  the  mean  are  in  some  eases  considerable,  but  they 
are  of  the  same  order  as  those  already  observed  to  occur  in  the 
simple  bodies.  Tlie  mean  atomic  heat  of  the  isomorphous  car- 
liormtes,  such,  for  example,  as  the  carbonates  of  lime,  baryta,  iron, 
lead,  zinc,  strontia,  and  the  double  carljouates  of  lime  and  mag- 
nesia, is  10*61,  varying  between  10*55  ^"^  ^^'^5-  ^^  like  manner, 
the  sulphates  of  baryta,  lime^  strontia,  and  lead,  yield 
atomic  heat  of  12  41^ 
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Begnault^  from  an  extensive  series  of  experiments  on  a  great 
riety  of  compound  bodies^  has  arrived  at  the  conclusion  that, 
[n  all  compound  bodies  of  the  same  atomic  compoHition^  and  of 
dilar  chemical  constitution^  the  specific  heats  arc  inversely  as 
3  atomic  weights/'  The  product  obtained  by  multiplying  the 
dcific  heat  into  the  equivalent  number  in  any  one  clans  of  com- 
nnds  may,  however,  differ  greatly  from  the  product  of  the  cor- 
iponding  numbers  in  any  other  class,  the  numbers  furnished  by 
e  different  classes  not  being  connected  by  any  very  simple  ratio, 
lese  £Eu;t8  will  be  rendered  obvious  by  an  examination  of  the  sub- 
ned  summary  of  Begnault's  results  {Ann.  de  Chimie,  III.  i.  172). 

Atomic  Heats. 


CUm  of  BodiM. 


Elements  (ist  class)  . 

Do.      (and  do.)    . 
Protoxides  (ist  class) 

Do.  (and  do.) 
Protosulphides  .  . 
Sesquiozides  .  .  . 
Sesquisulphides  •  . 
Binoxides  .  .  .  . 
Chlorides 
Iodides 
Bromides 
Fluorides 
Chlorides 
Iodides 
Bromides 
Bichlorides 
Terchlorides . 
Nitrates  .  . 
Sulphates  [ 
Car  Donates  > 
Sulphates 
Car  Donates  1 


(ZnO) 
(PbO) 


^ 


ist  class, 
(such  as  BaCl) 

and  class, 
(such  as  NaCl) 


ist  class. 
(BaO,  CO,) 

and  class. 
(NaO,CO,) 


OMier«l 
FormuU. 


MO 

MO 

MS 

M,0, 

MS, 

Mb. 

Mcf 

MI 

MBr 

MF 

MCl 

MI 

MBr 

MCL 

MCf, 

MO.  NO. 

MO,  SO, 

MO,  CO, 

MO.  SO, 

MO,  CO, 


3* '3 

499 
5-7^ 

0-20 

i3T>7 
inaH 

967 
9-68 
8-40 

ia-84 
13*40 
1370 
1864 

30*  a  a 

2413 
13*28 
10-77 
16-54 
14*74 


10 

2 
5 
7 
6 

a 


§  III.  Atomic  Relations  op  Heat  op  Combination. 

(1478)  The  quantity  of  Heat  developed  by  Chemical  Action  ia 
finite. — ^Not  only  are  the  specific  heats  of  the  dements  thus 
kimately  related  to  each  other,  but  the  amount  of  heat  which 
By  emit  when  entering  into  combination  is  definite,  and  has  a 
edfic  relation  to  the  combining  number  of  each  substance. 
lien  the  same  substance  is  burned  with  a  due  supply  of  oxygen, 
d  with  suitable  p^^ecautioiis^  a  given  weight  of  it  always  emits 
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tlie  same  amount  of  beat*    Thiia  i  lb.  of  hytlrogen,  when  burned  in 
oxygen,  always  emits  beat  euoiigli  to  melt  315*2  lb.  of  ice;  31  l^^^ 
of  pbospborus,  when  burnt  to  phosphoric  acid^  yields  heat  sufficiei^H 
to  melt  157^1  lb,  of  ice;  and  61b.  of  carbon  when   converted  into 
carbonic   acid,    emits  beat  sufficient  to   melt  350  lb.  of  ice.     ^^ 
would  at  first  sight  appear  easy  to  determine  by  direct  experimei^H 
the  amount  of  licat  which  each  body  emits  in  the  act  of  combioiiig 
with   an    equivalent  of  oxygen,  and  to  compare  the  results  thus 
obtained^  with  a  correspouding  series  of  ejtperiraents  made  by  com- 
bining the  same  elements  with  chlorine.     Independently,  however, 
of  the  difficulties  which  the  exact  admeasurement  of  heat  alwaj^^ 
iuvolves,  there  are  others  which  will  be   rendered  evident  by  ^H 
little  consideration. 

Scarcely  any  molecular  change  can  take  place  without  eitb 
evolution  or  absorption  of  beat.    A\Tien  a  gas  or  a  vapour  beoom 
liquified  or  solidified^   the  change  of  state  is  always  attended 
the  evolution  of  the  lieat  which  it  previously  contaiiied  in  a  latei 
state  (164),  and  the  effect  is  reversed  when  a  solid  passes  into  t 
liquid  or  the  aeriform  condition,  heat  being  then  absorbed  {161] 
Now^,  the  instances   in  which   cberaical  combination  takes   pi 
without  any  alteration  in  the  physical  condition  of  bodies  are  rai 
and    the   cases   in  ^hich   the  product  occupies  exactly  the  sa 
bulk  as  the  bodies  from  which  it  was  formed,  are  still  more 
When  two  gaseous  elements,  like  clilorine  and  hydrogen,  unite  a 
form  a  conijMund  which   is  not  only  gaseouSj  but  wliich  occupii 
the  same  bulk  as   the   bodies  did  before  their  combination,  t 
problem  is  presented  in  the  simplest  form  :  the  heat  obscrv^ed 
such  a  cas^e   is  due  solely  to  the  chemical  action ;   but  wlicn  the 
products,  though  gaseous,  occupy  a  smaller   bulk  after  they  have 
entered  into  combination,^ — as  when  2  volumes  of  carbonic  oxide 
unite  with    I    volume    of   oxygen,   and    form   but   2  volumes    of 
carbonic  acid, — t!jc  heat  emitted  during  the  act  of  combination  is 
due  partly  to  chemical  action,  and  partly  also  to  the  condensation 
wliicli  the  gases  have  experienced.      When  the  product  assumes 
the  liquid   form,  as   occurs   in  the  formation  of  water  during   the 
combustion  of  hydrogen  in  oxygen,  the  quantity  of  heat  emitted 
owing  to  thi*  change  in  form  is  still  more  considerable.    Wljcn, 
the   other  hand,  a  solid   passes   into  the  aeriform  state,  as  win 
carbon  is  converted  into  carbonic  acid,  the  heat  actually  observ 
is  less  than  tliat  which  the  combi nation  ought  really  to  produce 
and  tlje  eti'ect  is  reversed  wlicn  the  solid  form  is  assumed  by  t 
product,  as  when  phosphorus  becomes  oxidised  to  phosphoric  aci< 
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in  Tvljieh  case  the  heat  evolved  exceeds  that  really  due  to  the  act 
of  comhinatioii.  But  even  wlieii  no  change  of  state  is  ohservcdj 
minor  disturbing  causes  are  at  work.  Supposing  it  were  possible 
to  obtain  a  direct  combination  of  iodine  with  a  metal,  such  as  iron 
or  zinc ;  even  then,  tboiigli  two  solids  united  to  form  a  third  solid, 
it  woidd  not  neeessariJy  happen  that  the  whole  of  the  heat  emitted 
was  due  to  the  chenneal  action.  If  the  iodide  of  Kiuc,  for  example, 
contracted  in  tlie  act  of  combination,  a  small  portion  of  the  heat 
observed  would  be  due  to  that  evolved  by  the  solid  in  consequence 
of  its  change  of  liulk  ;  whereas,  if  the  iodide  occupied  a  larger 
space  after  combination  than  that  of  the  two  elements  separately, 
the  heat  observed  would  be  less  than  that  resulting  from  the 
chemical  action :  and  even  if  no  change  of  bulk  occurred,  it 
might  Itappen  that  the  compamid  had  a  specific  heat  different 
from  tliat  of  the  original  elements^  and  in  such  ease  a  slight  eleva- 
tion or  depression  of  temperature  might  be  occasioned,  which  was 
not  really  the  chemical  result  of  the  act  of  combiuatiou. 

From  the  foregoing  statements  it  is  tbcrefoi*e  clear  that  the 
experimental  numbers,  however  carefully  tlie  observations  are  made, 
can  very  rarely  yield  the  at^tual  quantities  of  heat  due  to  the 
chemical  actions :  they  are  compound  results,  from  which  the  true 
calorific  equivalents  of  the  different  elements  (or  heat  evolved  by 
the  combination  of  chemical  equivalents  of  the  different  ercments), 
must  be  deduced  by  other  meims* 

(1479)  Tlie  importance  of  determining  accurately  the  amount 
of  heat  arising  from  chemical  action,  was  first  distinctly  announced 
l)y  Lavoisier,  Mho  instituted  a  series  of  experiments  witfi  the  view 
of  finding  the  quantity  of  heat  evolved  during  the  combustion  of 
various  substances :  his  method  consisted  in  ascertaining  the 
quantity  of  ice  wliich  was  melted,  when  given  weights  of  these 
bodies  were  burned  in  his  cidorimeter.  The  lirat  experiments 
with  any  claim  to  accuracy,  however,  are  those  of  Bulong, 
which  have  formed  the  foundation  for  all  subsequent  researches 
upon  the  subject.  Important  additional  investigations  have  since 
been  made,  particularly  by  Despretz,  and  recently  by  Andrews, 
and  by  Favre  and  Si  I  be  rm  ami. 

(1480)  Researches  of  Andrews.— The  apparatus  employed  by 
Andrews  in  these  experiments  {Phil,  Mag.,  May,  1848),  was  of  a 
simple  kind*  When  the  substances  to  be  combined  wei*c  in  the 
gaseous  state,  and  the  products  of  combustion  were  also  gaseous, 
the  two  gases  were  mixed  in  tlie  proper  proportions,  as  in  the  per- 
ibrmance  of  a  eudiometric  expeiiment,  and  introduced  mto  a  vessel 
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of  thin  sheet  copper  {a,  Fig.  338),  of  a  capacity  of  about  24  cul 
inches.     It  was   closed  by  a  screw^  the  head  of  which  was 

forated   to  admit  a   cork,    throug'fi 
which  a  silver  wire,  6,  passed^  which 
was  connected   by  a  thiu  platintiin 
wire  within  the  vessel  to  a  second  1 
ver  wire  soldered  to  the  screw  itse 
this  platiimm  wire  coidd  be  ignit 
hy  connecting  it  for  an  instant  wi 
a  small  voltaic  battery,  and  thus  the 
gaseous  mixture  could  be  detonated 
at  the  pleasure  of  the  operator.   The 
coppei"  vessel  contaiuing  the  mixe 
gases  was    then  introduced   into 
larger  vessel^  r,  whicli  was  filled 
with  water;   the  vessel,  Cj  was  st 
pendcd  in  a  cylinder, «/,  provided  with 
a  moveable   cover,    and    the  whole 
was  enclosed  in  an  outer  cylindrical 
vessel,  e,  arranged  so  as  to  admit  of  its  being  made  to  rotate 
upon  its  shorter  axis. 

The  apparatus  having  been  mounted,  was  caused  to  rotate,  in 
order  to  bnng  every  part  to  a  uniform  temperature,  and  the  eiaet 
amount  of  thi&  initial  temperature  was  then  read  off  hy  a  ve 
sensitive  thermometer,  capable  of  indicatiugdifiereuces  of  temper 
ture  of  iri^th  of  a  degree  Centigrade.  The  thermometer  was  tl 
withdrawn,  and  the  gases  exploded  by  igniting  the  fine  platinui^ 
wire ,'  tiie  outer  vessel  of  water  w*as  closed  by  a  cork,  and  the 
apparatus  was  caused  to  rotate  for  thirty-five  seconds^  in  order  to 
establish  an  equilibnura  of  temperature  in  all  its  parts.  The  ther- 
mometcr  was  again  introduced,  and  the  rise  of  temperature  was 
ascertained.  After  this  observation  the  apparatus  was  again  made 
to  rotate  for  tliirty-five  seconds,  and  the  loss  of  heat  thus  oeG|H 
sioned  was  ascertained.  This  third  rotation  was  necessary  ^1 
order  to  determine  the  cooling  effect  of  the  atmosphere  upon  the 
apparatus^  diiriug  the  time  tliat  the  experiment  lasted :  in  tliese 
cases  it  seldom  amounted  to  more  than  icruth  of  the  total  quaati^ 
of  heat  set  free. 

\\'hcn  solid  bodies  were  burned  in  oxygen,  the  form   of 
apparatus  was  modified ;  the  combustion  was  effected  in  a  copp 
vessel  (a,  Fig.  339),  of  about  250  cubic  inches  in  capacity,  wlii 
was  filled  with  oxygen ;  and  a  kuow^n  weight  of  the  combustibf 
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STipported  iq  a  small  platinam  dish,  b ,-  when  all  was  ready, 

fhe  vessel^  a,  having  been  accurately  closed,  the  combustible  was 

{Eiited   by  means  of  a  voltaic  current  sent  through  a  very  fine 

fttinum  wire  in  connexion  with  the  insulated  wire^/.    Previous  to 

ilia  ignition  the  vessel,  a,  was  immersed  in  a  large  cyliudcr,  c,  filled 

ith  a  known  quantity  of  water,  and  the  whole  was  surrounded  by 

Iter  vessel  of  tinplate,  d,  to  prevent  the  effects  of  radiation.  The 

2r  vessel  could  be  agitated  within  the  vessel  of  water  by  means 

rf  the  lever,  e.     Particular  expedients  were  required  in  certain 

Fici.  339* 


^1^^ 


\  to  ensmrc  the  ignition  ;  thus,  in  burning  zinc  filings  and  other 

letak  in  oxygen,  a  minute  portion  of  phosphorus  was  enipkiyed  to 

fkindle  the  metal ;  the   weight  of  this  piece  of  j»htwphnrna   being 

known,  the  heat  which  it  emitted  was  ealeuhitcd,  uml  dechicted  from 

I  that  observed.     In  some  eases  the^e  experiineutu  lanted  fifteen  or 

i  sixteen  minutes,  so  that  the  correction  for  the  cooling  cllcct  of  tho 

external  air  acquii-ed  considerable  importance. 

When  chlorine  wa«  used  inntead  of  oxygi^n,  it  was  not  necen- 

sary  to  ignite  the  substance  under  trial ;  but  in  order  to  prevent 

the  spontaneous  ignition  of  the  body,  the  latter  wan  enclosed  in  a 

LtUin  glaas  bulb^  which  was  broken  by  agitation  of  the  apparatus  at 
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the  moment  that  everything  was  prepared.  The  chlorine  itself  was 
in  most  instances  contained  in  a  glass  vessel,  which  was  611ed  with 
the  gas  hy  displacement ;  an  excess  of  the  b(K?y  for  oombinatioa 
with  the  chlorine  was  always  employed,  so  as  to  ensure  the  total 
absorption  of  the  chlorine.  Tlie  time  allowed  for  absorption  was 
in  each  case  sis  minutes  and  a  half. 

(1481)  Expetnments  of  Favre  and  Sllbermann. — A  very  est* 
tensive  series  of  researches  upon  the  development  of  heat  during 
molecular  and  chemical  changes  was  undertaken  by  Fa\Te  and 
Silbermann  {Ann.  de  Chimie,  III.  xxxiv,,  xxxvi,,  and  xxxvii) 
These  experinaents  were  conducted  in  many  cases  upon  a  larger 
scale  than  those  of  Andrews,  and  with  a  much  more  elaborate 
apparatus.  It  is  satisfactory  to  find,  however,  that  their  experi- 
mental results  generally  agree  pretty  closely  with  those  of  Andrews, 
although  they  differ  from  him  in  some  of  their  deductions.  The 
essential  part  of  Favre  and  Silbermaun's  apparatus  was  a  Teasel^ 
of  brass  gilt,  a^  Fig.  340,  in  which  the  combustions  were  per* 
formed ;  this  vessel  was  immersed  in  a  calorimeter,  b,  of  silv 
copper,    which  contained  about  3^    pints    of  water.      The    cal< 

rimeter     was    supported     in   an   ou' 
vesselj     c,    lined     with     swan's    dow; 
and  this  case  was  itself  surrounded  by  aitl 
outer  double  envelope,  d,  filled  with  water 
It  was  found   that   by  these  means  tin 
loss  of  heat  from  the  inlluence  of  thi 
external   atmosphere  was  reduced  to 
very  small  and  measurable  amount.  \\he 
the  combustions  Mere  performed  in  oxy« 
gen,  this  gas, previously  dried,was  allowed 
to  flow  into  the  coudmstion  chamber  by 
tlie  tube,    e,  and    the    gases    produced, 
together    with    the  superfluous   oxygeu, 
were  foreedj  previous  to  their  exit  fi-oi 
tlie  apparatus,  to   tra^'e^se  a  spiral  tu 
of  thin  copper,  /,  so  that  they  might 
completely  cooled  down  to  the  tempe 
ture  of  the  water  in  the  calorimeter,  b:ffff   is   an    agitator  fo] 
ensuriug  uniformity  of  temperature  in  the  water  of  the  calori> 
meter. 

Solid  bodies  were  kindled  by  the  introduction  of  small  pieces 
of  burning  charcoal ;   liquids  were   burned  in  small  lamps   with 
asbestos  wicks,  and  gases  were  introduced  by  a  jet  previously  set; 
^^n  fire.     The  apparatus  in  the  figure  shows  the  ai'rangcment  foi 
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carbon ;  the  scale  of  the  therraometers  employed  allowed 
^  *it^'!Wmriation  of  xiirth  of  i^C.  to  be  estimated.     la  most  cases  the 
it  of  the  substance  burned  was  ascertained  by  collecting  and 
the  products  of  combustion. 
(J482)  The  following  table  is  compiled  chiefly  from  the  results 
of  Dulong^  Andrews^  and  Favre  and  Silbermann.     It  is  founded 
upon  the  direct   results  obtained  by   tlic   rapid   corabuation,   in 
oxygeQj  of  the  various  substances  enumerated  in  the  first  column. 
The  htai  umi  adopted  is  the  one  proposed  by  Dulong,  viz.,  the 
quantity  of  heat  required  to  raise  one  gramme  of  water  1^ C,  or 
rather^  from  o**  C.  to  1^  C»    The  tsecoud  column  indicates  the  units  of 
Iieat  evolved  during  the  act  of  combustion;   or  the  weight  iu 
grammes  of  water  which  would  be  raised  from  0°  C.  to  i^  by  the 
combustion  of  i  gramme  of  each  substance.     The  third  column 
indicates  the  weight  of  water  heated  to  the  same  amount  by  the 
oombination  of  I  gramme  of  oxygen  with  each  body,  and  the  fourth 
column  (the  calorific  equivalent)  is  obtained  by  multiplying  tlie  num« 
bers  in  the  third  Qplumn  by  8  (the  equivalent  number  of  oxygen)* 
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The  following  tables  contain  the  results  of  a  Bimilar  series  of 
experiments,  m  wliieh  chlorine,  bromine,  and  iodine  were  em* 
ployed  instead  of  oxygen  i — 
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-QMoniUies  of  Heat  disengaged  by  the  Action  of  Bromine  and  Iodine, 
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From  an  inspection  of  the  preceding  tables  it  may  be  gathered 
that  the  amount  of  heat  disengaged  by  the  following  bodies,  in 
their  ordinary  physical  state,  during  their  combination  with  an 
equal  weight  of  oxygen  is  nearly  the  same :  viz.,  hydrogen,  car- 
bonic oxide,  cyanogen,  iron,  and  tin,  to  which  also  may  be  added 
protoxide  of  tin,  and  phosphorus,  though  the  heat  disengaged  by  the 
body  last  named  is  somewhat  higher  than  that  furnished  by  any  one 
of  the  others.  If,  however,  to  these  numbers  the  corrections  due  to 
the  change  in  the  physical  state  of  the  products  could  be  applied,  the 
same  coincidence  would  not  be  observed ;  but,  although  the  trust- 
worthy numerical  data  required  for  making  these  corrections  do  not 
exist,  it  is  quite  obvious  that  when  equivalent  quantities  of  the  dif- 
ferent elements  unite  with  equal  weights  of  oxygen  without  under- 
going change  in  their  physical  state,  they  emit  specific,  but  different 
amounts  of  heat.  Sulphur,  copper,  and  protoxide  of  copper,  dis- 
engage little  more  than  half  the  heat  of  the  substances  just  men- 
tioned, and  carbon  is  intermediate  between  these  two  groups.  Zinc 
gives  out  more  heat  than  either,  and  potassium  more  than  zinc. 

(1483)  Influence  of  Dimorphism, — According  to  the  experi- 
ments of  Favre  and  Silbermann,  the  same  substance,  when  in 
different  allotropic  conditions,  evolves  somewhat  different  amounts 
of  heat  during  combustion.  The  following  results  with  carbon,  and 
»ulphm*,  in  diflerent  states  may  be  given  in  illustration  of  this  point : 

Units  of  Heat. 

Diamond  evolves 7770 

Grapliile 779^ 

Wood  Charcoal 8080 


Octohedral  Sulphur aaao 

Prisroatio 2264 

Viscous  Sulphur 325S. 


•  TransactioHM  qfike  Bojful  IrisA  Academy,  vol  xix.  1843. 
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SimOar  differences  were  obscnred  wlien  dtflS^reni  Ibrins  of  tlie  WBme 
compound  body  were  submitted  to  e:iperimeQt*  According  to 
these  observers  beat  was  etohed  during  the  conversion  of  arago- 
nite  into  ca]c8par ;  this  is  somewhat  remarkable,  for  the  density 
of  calcspar  is  less  than  that  of  aragonite,  and  hence  from 
analogy^  an  absorption  of  heat  was  rather  to  be  looked  for  in  this 
change* 

(1484)  Heat  et^ohed  m  certain  casts  during  Decomposiiion.-^^JjEi 
the  experiments  of  Dulong  it  appeared  that  when  oxide  of  carbon, 
or  hydrogen,  was  biu^ed  in  protoxide  of  nitrogen,  a  larger  amount 
of  heat  was  c>  olved  than  when  the  same  weights  of  tbeae  gases  were 
burned  in  oxygen :  following  up  this  observation,  Favre  and 
Silbermann  were  led  to  the  remarkable  concltision,  that  protoxide 
of  nitrogeii,  in  the  act  of  decomposition,  evolves  a  considerable 
amount  of  heat;  and  they  estimate  that  not  less  than  1 154  unita 
of  heat  are  evolved  in  the  separation  into  its  elements  of  a  quan* 
tity  of  nitrons  oxide  which  contains  1  gramme  of  oxygen.  In 
the  decomposition  of  peroxide  of  hydrogen  also,  heat  is  evolved 
instead  of  being  absorbed,  and  they  estimate  the  heat  evolved 
during  the  liberation  of  1  gramme  of  oxygen  from  peroxide  of 
hydrogen  at  1363  heat  units. 

Chemists  are  also  familiar  witb  other  cases  in  which  decern* 
position  is  attended  with  disengagement  of  beat;  as  when  the 
oxides  of  chlorine,  and  the  so-called  iodide,  and  chloride,  of  nitrogen 
are  decomposed-  In  these  cases  evolution  of  light  and  heat  occurs, 
although  the  products  of  decomposition  occupy  a  larger  bulk  than 
the  compound  which  furnishes  them.  A  still  more  striking 
evolution  of  heat  attends  the  explosive  decomposition  of  gun- 
cotton,  although  the  gases  produced  occupy  many  himdred  times 
the  volume  of  the  original  subsstance.  The  latter  case  is  particu- 
larly inj^tnictive,  for  it  is  obvious  that  the  oxygen  aud  carbon^ 
although  present  in  the  compound,  are  each  there  in  a  form  in 
which  they  retain  a  htrge  share  of  heat,  ready  to  be  evolved  whea 
more  intimate  chemical  union  occurs. 

(1485)  Cambuntion  of  Polymeric  and  Homologous  Compounds. 
— Favre  and  Silbermann  have  likeM'ise  examined  the  amount  of 
Ijcut  developed  during  the  combustion  of  many  hydrocarbons,  and 
compound  ethers.  From  these  experiments  it  appears  that  poly- 
meric bodies  do  not  emit  equal  amounts  of  licat  during  combus- 
tion ;  but  that  the  denser  the  vai)43ur  which  they  furnish,  the 
smaller  is  the  amount  of  heat  which  they  evolve  in  combining  with 
equal  weights  of  oxygen.     The  following  table,  ^  hich  indicates  the 
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amount  of  heat  given  out  by  hydrocarbons  polymeric  with  defiant 
-gaSj  distinctly  shows  this : — 


nMtnnitt. 

Olefiant  Gas  .     . 

.     C,I1,      . 

.     .      1 1858 

Amylene     .     .     . 

CioHio 

.     .     1 1491 

Paramylene     .     . 

.    c«,ii«,    . 

•     •      1 1303 

Cetene        .     .     . 

.       C3,II,3        . 

•     •     "055 

Metamylcne    .     . 

.     C«H«     . 

.     .     10938 

In  homologous  compounds,  such  as  the  alcohols,  and  the  fatty 
acids,  it  was  also  found  that  for  equal  weights  of  oxygen  con- 
■amed,  the  heat  of  combustion  was  diminished,  the  oftener  that 
the  group  of  elements  (C2II2)  entered  into  the  formation  of  the 
compound. 

Even  in  metameric  bodies,  which  contain  the  same  number  of 
equivalents,  and  which  yield  vapours  of  the  same  density,  the  quan- 
tity of  heat  evolved  during  combustion  is  not  necessarily  the  same: 
fiom  which  it  would  appear  that  differences  in  the  molecular 
arrangement  of  the  component  elements,  altliough  the  number  of 
the  atoms  may  remain  unaltered,  may  yet  produce  differences  in 
the  amount  of  heat  evolved  during  oxidation.  For  example,  the 
following  metamcrides  evolve  different  quantities  of  heat : — 

Heftt  Unita. 

Propionic  acid  .  .  .  HO,  CeH^Oj  .  .  .  4670 
Formic  ether  .  .  .  C4H5O,  C2HO3  .  .  .  5279 
Acetate  of  methyl .      CallaO,  C4II3O3     .     .     .     5344 

(i486)  Indirect  Methods  of  Estimating  Calorific  Equivalents, — 
The  difficulties  experienced  in  effecting  the  direct  combustion  of 
the  metals  in  oxygen,  chlorine,  iodine,  and  sulphur,  in  such  a  manner 
as  to  ensure  the  perfect  conversion  of  the  metal  into  a  given  com- 
pound, unmixed  with  any  other  body  of  higlicr  or  lower  degrees 
of  oxidation,  &c.,  are  so  considerable,  that  Favre  and  Sill)crmaun 
were  led  to  attempt  the  solution  of  this  problem  by  indirect 
means.  An  examination  of  one  of  the  methods  employed  in  the 
case  of  the  oxides,  will  furnish  an  idea  of  the  general  principle 
upon  which  they  proceeded. 

Whenever  a  metal  is  acted  upon  by  an  acid,  or  when  one 
metal  is  employed  to  precipitate  another  metal  from  any  of  its 
salts,  as  when  zinc  is  dissolved  in  sulphuric  acid,  or  when  copper 
is  precipitated  by  means  of  zinc  from  a  solution  of  its  sulphate, 
heat  is  evolved.  The  calorific  etlects  thus  obtained  are,  however, 
complicated  results ;  for  several  chemical  pnuH^sses  concur  in  each 
operation,  some  of  these  processes  being  attended  with  the  absorp- 
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tioii,  others  witii  the  eroltttkm  of  best     Hie  calorioieterj 
ooime,  onlj  neasiires  the  difference  of  these  qiia&titie&. 

"Sow,  if  it  be  a«mmed  that  the  quandtr  of  beat  which  is  I 
absorbed  when  a  campoaBd  is  separated  into  its  elements  is  thai 
aame  as  that  evoked  in  the  formatioti  of  thai  compound^  it  becomes  j 
possible  to  calculate  the  value  of  the  calcnific  actioQ  of  anv  ouej 
particular  chemical  operation  in  the  entire  process^  provided  that! 
the  heat  produced  or  absorbed  in  the  other  portions  of  the  process ' 
be  determined  by  other  experiments.     Suppose,  for  instance,  we 
take  the  case  of  the  solution  of  zinc  in  dilute  sulphuric  acid — ^the 
elevation  of  temjierature  observed   will  be  the  resultant   of  the      , 
following  operations : —  ^M 

In  the  first  place,  heat  is  evolved  by  the  combination  of  an^l 
equivalent  of  zinc  with  one  of  oxygen.  Let  this  amount  of  heat— r. 

Secondly,  heat  is  produced  by  the  solution  of  the  oxide  of  aino 
in  sulphuric  acid  :  let  this  =  a, 

Tliirdly,  heat  is  absorbed  by  the  separation  of  the  oxygen  and 
hydrogen  during  the  decomposition  of  a  quantity  of  water  equiva< 
lent  to  that  of  the  rinc  dissolved  :  let  this  =  b. 

If  T  l>e  the  number  of  heat  units  indicated  by  the  rise  of  tem- 
perature observed  in  the  calorimeter,  supposing  a  and  6  to  be  known 
from  previous  experiments,  it  is  obvious  thatx^T  —  a  -h  b. 

Experiment  shows  that  T^  the  heat  evolved  during  the  solu- 
tion of  I  gramme  of  zinc,  is  equal  to  567*9  heat  units.  The 
solution  in  sulphuric  acid  of  i  gramme  of  zinc  converted  into  oxide, 
gave  for  a  a  quantity  equal  to  335*54 :  and  6,  the  heat  absorbed 
during  the  decomposition  of  a  quantity  of  water  equivalent  to  a 
gramme  of  zinc^  was  equal  to  1060*39  units,  or 


94462       the  calonfic  equivalent  of  hvdroeen  ^ 

^  or  ^ — ^— --* — ,^^ /  ,  ^       =   1060-39 

32*5         the  chemical  equivalent  of  zmc 


I 


consequently,  x,  the  heat  attendant  on  the  oxidation  of  zinc,  is  thus 
obtained : —  Heat  Voiu, 

T  -    56790 

-h  i    =  io6o*39 


—  fl  == 


1628*29 
33554 


X   == 


129275 


This  number  agrees  very  closely  with  the  direct  determination 
by  Andrews  and  by  Dulong,  both  of  whom  burned  the  metal  in 
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iitygen.     The  experiments  of  Andrews  would  ^ve  the  mimber 
>l,  and   those  of  Dulong   1298.      Bat    although    the    results 
very  well  in  the  present  instance,  the  divergences  are  much 
[iter  in  the  cxise  of  iron  and  of  eopper. 

The  following  are  the  results  deduced  by  Favre  and  Silber- 

lann,  liy  openttions  cotiduete*!  u|ion  this  principle;  the  qimntities 

heat  evolved  being  calculated  for  i  grararae  of  each  clemcot, 

rhen  combined  ^vith  a  single  equivalent  of  the  bodies  with  which 

it  18  united  : — 


Ovilei. 

CtlloridM. 

Bromidn. 

todtdM. 

stUphidM. 

Hydrogen  . 

344<Sa 

23783 

93*2 

-3<5o<S 

a74t^ 

Pota«?pium    • 

35877 

3308 

'977'^ 

1170-8 

SoJimn  .     • 

4i»5S> 

Zinc    ,     .     . 

1291 

1547*5 

'544*3 

Iron    .     .     * 

U5^"<5 

1775'5 

634*0 

2%4 
91.9 

&r :  : 

9^n 
4301 

3^5-4 

2331 

Silver     *    . 

566 

332-3 

337*3 

173-7 

Sii 

Notwithstanding   the   confidence  with  which   these  numbers 
put  forward   by  tlieir  authors^  it  must  be  admitted   that  the 
necessary  for  the  calculations  by  which  they  were  obtained 
'we  as  yet  very  incomplete.     The  latent  heat  of  oxygen  in   the 
'  gaseous    state  is   nnknown,    and    other   im|iortant   numbers  are 
wanting;  the  results  given  in   the  foregoing  table  cannot,  there- 
fore^ at  prci^ent  be  received  without  great  reserve. 

(148/)  3fercuriai  Calorimeter  of  Favre  and  Sildermann, — Most 
of  these  experiments  were  performed  by  the  aid  of  a  mercnri/ 
calorimeter  {Ann.  de  Cklmie,  II I,  xxxvi,  33).  This  instrument  may 
be  regarded  as  a  mercin-ial  thermometer,  with  a  very  large  bulb 
capable  of  receiving  within  it  the  substances  which  Avere  submitted 

Fio*  341. 
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to  experiment.    It  conBista  of  a  large  glaaa  globe,  a,  Fig.  34' »  ^^  ^^^ 
capacity  of  about  3^  fluid  ouncca,  provided  with  throe  n^K^tur^, 
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one  ml  the  top  and  two  at  tlie  sidesK.  Into  ooeof  the  lateral  a^ 
tnresy  A,  is  fixed  oUiqcelT  a  tiihe  of  thin  iron  or  platinum^  closed 
at  ihm  bottom ;  and  into  this  tnbe,  which  is  called  the  mvffie^  is 
iptfodnced  anotber  tube,  c,  of  Tery  thin  glass,  containing  the  snb* 
ataacea  which  aie  to  be  submitted  to  ecperiment :  this  glass  tube  is 
fitted  into  the  BMtaUic  tnbe  bj  means  of  a  cork,  d ;  a  small  quantity  ^d 
of  mercnrr  is  placed  within  the  muffle,  the  object  of  this  expedient  ^ 
being  to  transmit  the  heat  rapidlf  from  the  glass  tube  to  the  body 
of  the  ealoriioeter.  The  second  lateral  aperture^  c,  terminates  in  a 
neck  whidi  is  carred  vertically  upwards,  and  into  which  is  cemented 
the  bent  extremity  of  a  horizontal  capillarr  tube,  /,  of  uniform 
bore,  open  at  both  eDda^and  i8  or  20  inches  in  length  :  by  means 
of  this  tube  tlie  dianges  in  volume  of  the  mercury  can  be  mea* 
Eured  upon  the  scale,  ff  g.  Through  the  upper  a^^erture  of  the 
globe  passes  a  steel  piston,  A,  moved  Irr  a  screw,  by  wliich  means 
the  column  of  mercury  in  the  capillarj-  tube  can  be  reduced  at  ^ 
pleasure  to  the  zero  of  the  scale.  The  globe  is  itself  enclosed  in  a 
wooden  case,  k^  lined  with  swanks-down  in  order  to  diminish  the 
disturbing  effects  of  external  changes  of  temperature, 

The  value  of  the  amount  of  expansion  indicated  was  at  once 
transformed  into  nmh  of  heat,  by  ascertaining  the  amount  of  ex 
pansion  produced  by  the  cooling  of  a  given  weight  of  water  from 
the  boiling  point,  to  a  measured  degree  of  temperature ;  by  multi 
plying  the  weight  of  water  in  grammes  by  the  number  of  degrees 
Centigrade  which  it  had  lost  in   cooling,  the  number   of  ttnits  of 
heat  was  ascertained  ;  since,  by  our  definition,  a  unit  of  beat  is  the 
quantity  of  heat  required  to  raise  i  gramme  of  water  1**  C,      The 
number  of  inches  by  which  the  mercurial  column  had  advanced  in 
the  capillary  tube  during  the  operation  was  next  accurately  mea^ 
sured ;  and  by  dividing  this  measured  column  by  the  number  ol 
heat  units,  the  iustniment    was  graduated  so  as  to   enable  the 
observer  to  record  at  once  the  number  of  units  of  heat  disengaged 
or  absorbed  during  any  chemical  change. 

This  apparatus  is  good  in  principle,  but  it  is  open  to  certain 
objections  in  the  mode  of  its  eonstroction : — the  sides  of  the  glass; 
vessel  are  necessarily  thick,  to  enable  it  to  sustain  the  large  weight  ol 
mercury  with  wliich  it  is  filled;  the  glass,  therefore,  cannot  rapidly 
and  certainly  adjust  itself  to  the  temperature  of  the  hot  mercury 
M'ith  wliieh  it  is  in  contact.  Moreover  the  tubes  are  cemented 
into  the  tliree  openinfrg  with  mastic  or  marine  glue.  Tlie  apparatus, 
to  work  well,  should  have  been  filled  like  a  barometer  or  thermo- 
meter, since  the  presence  even  of  a   small  bubble  of  air  would 
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ly  affect  the  accuracy  of  the  ix^sults.      It  is  true  that  it  is 
that  the  globe  was  filled  with  raercurj^  in  tmcuo,  but  with 
imented  joints  this  precaution  would  soon  be  rendered  useless.  It 
therefore  necessary  in  estimating  the  amount  of  confidence  due 
the  results  obtained  by  its  nse^  to  bear  in  mind  these  possible 
^of  inaccuracy*  This  is  the  more  necessary^  since  it  is  princi- 
i&  the  results  obtained  by  the  use  of  this  apparatus  that  the 
Its  of  Favrc  and  SObennaun  diifer  from  those  of  Andrews.  At 
same  time  it  is  to  be  remarked,  that  the  results  published  by 
French  obser\ers  appear  to  be  very  consistent  with  each  other. 
(1488)  On  ihe  Heat  evolved  daring  MekiUlc  PrecipUailons. — On 
be  other  hand  it  must  be  stated  that  the  varied  and  careful  cxpe- 
stnents  of  Andrews  {Phil.  Trans.    1848)   upon  the  heat  evolved 
duriiig^  the  precipitation  of  t^everal  metals  from   their  salts  by  the 
Btkin  of  otlicr  metals,  furnislicd  numerical  results  diflering  from 
iose  calculated  by  Favre  and  Sdberraaun*     In  tlic  experiments  of 
adrews,  the  corrections  required  are  not  in  all  eases  completely 
ader  exact  experimental  control ;  in  the  displacement  of  copper 
lead   the    correction    amounts    to    one-eighth    of   the    whole 
acrement  of  heat,  but  in  other  instances  the  correction  is  trifiing, 
Eiot   exceeding  one -fiftieth  of  the   amount  of   heat  evolved]  the 
Its  obtained  are   mutually  consistent.      An   additional   test  of 
ie  accuracy  of  this  mctliod  is  ailbrded  by   the  results  furnished 
two    diflerent  series   of  experiments    by   the   amount  of  heat 
obtained  during  the  precipitation  of  copper  by  zinc,  tbe  correspond- 
ag  numbers  in  both   sets  of  experiments   agreeing  very    closely 
ith  each  other.     In  the  first  set  of  ejtperiments  a  strong   solu* 
Ition    of   sulphate    of   copper   was    precipitated    with    zinc   in   a 
aall    glass    vessel,    and    the    heat     estimated    by    the    rise    of 
erature  experienced  by  the  water  of  a  calorimeter  in  which 
glass  vessel   was   contained :  in   the  second   series,   a  dilute 
[solution    of  sulphate    of   cop|mr    was    employed^    and    the    hcjit 
*  "Was  measured  by  the  rise  of  temperature  experienced  by  the  liquid 
itself      The  mean  of  4  experiments  by  the  first  plan  gave  864,  as 
the  number  of  units  of  heat  evolved   by  the  jireeipitatiou  of  each 
gramme  of  copper  from   its  sulphate  j  whilst   the   mC'im  of  j  ex- 
periments upon  the  latter  method  was  868. 

The  following  arc  the  numbei-s  given  by  Andrews,  but  he  has 
purposely  abstained  from  any  attempt  to  dtHluw  from  them  the 
amount  of  heat  developed  during  the  iudiriHit  oMdation  of  the 
^  inetal  which  acts  as  the  precipitant : — 

PART   III,  3    If 


808  BEAT  BTOLTED   UrMXG  MrTAU^IC  PEEC I  FIXATIONS. 

Table  of  He€i  ev^htd  dmrimg  MetaOie  PrtcipU^iiumi, 


Salts  of  Copper  hj  Zinc, 
SalU  of  Copper  hj  Iron  . 
Salt«  of  Copper  by  Lead 
S«lU  of  SiWer  by  Zinc  . 
Salts  of  Siker  by  Copper 
SalU  of  Lemd  by  Zinc  . 
Salts  of  Mercury  by  Zinc 
Salts  of  PimtiQiim  by  Zine 


CoppCT 

Copper 

Copper 

Silver 

Silrer 

Le«d 

Mercary 

Flatiniuii 


r«ri         For 
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In  these  experimeots  a  known  weigbt  of  finely  divided  zinc, 
iron,  lead,  or  copper,  as  the  case  might  require,  was  mixed  with  a 
feolution  of  the  &alt  to  be  decomposed;  taking  care  that  the  metal 
employed  was  always  more  than  sufficient  completely  to  decompo^se 
the  salt  in  solution :  the  rise  of  temperature  which  occurred  was 
noted  with  the  usual  precautions. 

Andrews  states  as  the  result  of  a  large  number  of  experiments, 
tliat  the  quantity  of  heat  developed  during  the  mutual  action  of  the 
same  pair  of  metals  is  the  same,  when  an  equivalent  of  one  metal, 
A,  displaces  another  metal,  h^  from  any  of  its  salts^  whatever  may 
be  the  acid  of  the  salt  employed^  prorided  that  b  is  in  the  same 
state  of  oxidation  in  each  of  the  compounds  submitted  to  experi- 
ment. But  if  a  different  metal  be  employed  to  effect  the  precijri- 
tation,  the  amount  of  heat  evolved  is  different*  Thus,  whether 
chloride,  or  sulphate,  or  acetate,  or  formiate  of  copper  be  pixcipi- 
tated  by  zinc,  the  quantity  of  heat  developed  in  each  case  for  everyfl 
equivalent  of  copper  is  seniiibly  the  same,  viz.j  27452.  But  if  iron 
be  substituted  for  zinc  in  the  precipitation  of  the  copper,  the 
amount  of  heat  is  different,  riz.,  1 8736  ;  though  iron  evolves  the 
same  amount  of  heat,  whether  the  sulpliate  or  the  chloride  of 
copper  be  employed.  The  same  principle  has  since  been  assumed 
by  Favre  and  Silbermann  in  their  calculations.  If  the  metals  l)e 
arranged  in  a  list,  beginning  with  those  which  emit  the  largest 
aiTiount  of  heat  when  used  as  precipitfants,  the  order  in  which  they 
will  stand  is  the  following^ — SEinc,  iron,  lead,  copper,  mercury,  silver, 
and  platinuni*  Now,  it  will  be  remarked  that  this  is  exactly  in  the 
electro-chemical  order,  zinc  being  the  most  electro-positive,  and 
platinum  the  most  electro-negative.     Another  interesting  point  of 
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tBexion  between  tlie  thermal  and  the  electrical  phenomena  ex- 
hibited by  the  roetals^  is  to  be  observed  in  the  iact  that  the  nature 
the  acid   contained   in   the  salt  which  is  nndergoiiig  decora- 
3sition,  diaes   not  influence  either  its  thermal  equivalent,  or  tbe 
lectro- motive  force  (228),  which  it  exerts  when  employed   in  the 
iuetion  of  voltaic  action. 

Another  remarkable  couclusioo  has  been  deduced  by  Andrews 

Dm  these  experiments  : — If  three  metals,  a,  b,  aud  c,  be  so  related 

liat  A  is  capable  of  displacing  b  and  c  from   their  eomhinationSj 

ind  B  be  also  capable  of  displacii^g  e,  the  heat  developed    by  the 

substitution  of  a  for  c  will  be  exactly  equal  to  that  developed  in 

be  Bubstitntioo  of  a  for  b,  together  with  that  developed  in   the 

substitution  of  n  for  c  : — 

HmI  UdiU. 

Tims,  I  equivalent  of  lead  displaced  by  zinc    =   1 8856 
I  equivalent  of  copper  by  lead     ,      .      =     8488 


I  equivalent  of  copper  by  zinc 


=   37344 


The  experimental  number  being      2745a 

An  analogous  phenomenon  is  observed  in  the  eleetrical  relations 

'the  metals  (228)  :  when  three  metals  such  as  platinum,  ziue,  and 

I  potassium  are  arranged  two  and  two  in  their  electrical  order,  the 

electro-motive  force  generated  between  the  two  extremes,  platinum 

and  potassium,  is  equal  to  tbe  sura  of  the  electro-motive  forces  of 

the  pairs  platinum  and  ziuc,  and  zinc  and  potassium, 

(1489)  Valorijic  Equivalents  of  the  Elements, — The  results 
obtained  by  the  direct  action  of  oxygen,  chlorine,  iodine  and 
bromine  npoii  various  elementary  bodies,  are  summed  np  in  the 
following  table,  in  which  the  numbers  given  indicate  the  quan- 
tity of  heat  evolved  by  the  union  of  e<;|uivalent  qnantities  of 
oxygen,  chlorine,  iodine,  and  bromine,  with  each  element,  taking 
as  the  standard  of  comparison,  the  number  of  grammes  of  water  at 
o**  C,  which  would  be  raised  to  1**  C»,  by  the  combustion  of  1  gramme 
of  hydrogen  in  oxygen.  The  quantities  of  licat  thus  given  out 
are  termed  by  Favre  and  SObermann,  the  cahr\fic  equivalents  of 
the  different  elements. 

The  nnmbei*s  to  which  an  A  is  prcfixc*!  are  those  of 
Andrews  ;  F.  S.  indicate  those  of  Favre  autl  Silbermann :  when  an 
asterisk  is  prefixed  to  any  numlver.  the  result  has  been  caleulaled  by 
indirect  methods,  upon  the  prinei^jlo  ttli-cady  explained: — 

a  F  2 
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«™^ 

Oijc^.. 

CUoriM. 

>— ■    .-^ 

jTj^^pn.    . 

FJB. 

3«fe 

33793 

•ta" 

■-3fc« 

•»w« 

99 
99 

A, 

*4^ 
11760 

Bilio    •  .    . 

A- 
F.S. 

1 

^100960 

«90i88 

•7ja« 

•48^ 

Sodjnm ,    .    * 

»• 

94&47 

Zinc .     .     .     « 

A. 

)     432«3 

5065S 

40&40 

3<»I7 

Bitto  .    ,    , 
Iron .     ,    .    * 

A. 

i •42451 

i     33071 
f •37^18 

•50296 
3^695 

33833 

8046 

•!»«WO 

Ditto  .    .    . 

F-S. 

•49651 

•«7;s3 

Tin  .    •    .    . 

A. 

33519 

3*723 

Anetnc      .    , 

24992 

Aiilmiooj  .    . 

Duloqg 

47000 

A.  30401 

'te:  :  : 

t\ 

}« 

30404 
•29524 

•5524 

Lead     .    .    . 
Silver    .    .    . 

99 

«'!! 

:ss 

♦as6i8 

*>uo8 

From  an  examinatiou  of  this  table^  it  will  be  obvioufl  that  the 
temperature  evoUed  in  the  act  of  combination  rises  highest  in 
those  cases  in  which  the  chemical  aflSnity  between  the  two  elements 
is  the  strongest,  and  where  the  compound  possesses  the  greatest 
stability.  No  definite  quantitative  expression  of  the  law  which 
reg^ulates  the  evolution  of  beat  during  combination,  can,  however, 
be  deduced  from  these  numbers,  owing  to  the  variety  of  dis- 
turbing causes  (1478)  when  bodies  are  compared  in  the  solid  state. 

(149c)  On  the  Heat  developed  diaing  the  Comlnnaiion  of  Adda 
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Heat  I 

Unita  evolved  by  the  combmaiim  of  i  Bqmimifni  q 

AND&EWS,                                                       1             F^ 

!». 

Mftf- 

1      1 

■ 

Addm. 

Fotwb. 

Soda. 

B«t7t«. 

mo&lA. 

1.JI 

liBW. 

ZIbo, 

iMd. 

Bar«r. 

PotMk. 

^ 

Sulpbuik     . 

15900 

iC^OO 

... 

13900 

18500 

-,. 

II800 

.*. 

1608J 

i$8i« 

Sulplitmras  . 

15900 

*,, 

... 

... 

... 

... 

... 

... 

*1  \ 

Nitric.     ,     . 

14600 

14000 

14700 

riioo 

17700 

15700 

10300 

8900 

6900 

T5510 

l||g^ 

Photiphoric    » 

14200      14000 

... 

15500 

... 

177^ 

w 

At»eni(S   .     • 

I4100     T59OO 

••* 

IIJOO 

... 

... 

... 

... 

... 

m 

Hjdrocliloric 

14300 

H70O| 

14700 

12100 

17700 

... 

10600 

15656 

tiiti 

Hjdrobromk 

... 

... 

... 

... 

... 

155*0 

15 159 

Hydriodic     . 

14200 

14100 

14700 

[I900 

... 

... 

9800 

.». 

... 

15698 

'5097 

Chromic  .     * 

14000 

... 

... 

... 

.». 

... 

Oxalic     .     . 

14400 

14600 

12400 

... 

... 

14156 

1375^ 
r^ftoo 

Acetic      ,     . 

1.^800 

13800 

13700 

11900 

j 

15300 

... 

8100 

••» 

«3973 

Formic     .     , 

13900 

... 

... 

... 

i3^ 

Tart&rio  .     » 

15100 

11900 

IIIOO 

... 

... 

... 

... 

f^4H 

12651 

Citric       .     . 

13100 

H900 

...          ; 

ilOOO, 

...     1 

... 

... 

..► 

MM 

uuij 

Sumnie  -     . 

J  3400 

11900      ...     1 

tflOO 

... 

... 

... 

... 

... 

Ji 
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with  Bases, — A  careful  and  extensive  series  of  experiments  upon 
the  heat  developed   during   the   saturation  of  dilute  solutions  of 
different  acids,  bv  each  of  the   more  important  bases  with  which 
they  form  sohible  compounds,  was  published  by  Andrews  in  1841. 
{Tram,  Eofj.  Irish  Jcad.,  vol.  xix.  Part  II.)    In  these  experiments, 
a  slight  excess  of  acid  was  purposely  employed ;  the  bases,  where 
it  was  possible,  being  in  a  state  of  solution.     When  they  were 
in  the  insoluble  form,  the  heat  observed  was  of  course  lower  than 
that  due  to  the  chemical  action ;  a  portion  being  absorbed  in  the 
passage  of  the  base  from  the  solid  to  the    liquid  condition ;  but 
although  the  quantity  of  heat  so  absorbed  is  unknown,  this  amount 
would  he  constant  for  the  same  base,  and  therefore  the  observed 
results  obtained  for  the  combination  of  equal  weights  of  this  base 
with  different  acids  would  l>e  mutually  comparable.     A  remm4  of 
this  subject  is  given  by  the  same  author  in  a  **  Report  on  the  Heat 
of  Combination/'  published  in  the  Report  of  ihe  British  Association 
for  1849,  p.  69.     From  these  experiments  it  appears  i — 

1.  "That  an  equivalent  of  the  same  base,  comliined  with  dif- 
ferent acids,  produces  nearly  the  same  quantity  of  heat. 

2.  "  An  equivalent  of  the  same  acid,  combined  with  different 
bases,  produces  different  amounts  of  heat. 

3.  *'  When  a  neutral  salt  is  converted   into  an  acid  salt  by 
combining  with  one  or  more  equivalents  of  an  acid,   no   disen- 
gagement of  heat  occurs. 

4.  "  When  a  double  salt  is  formed  by  the  union  of  two  neutral 

salts,  no  disengagement  of  heat  occurs, 

1 

1 

< 

1 

H  ihe  undennentioned  Bases  xmth  i  Equivalent  of 

certain  Acids. 

1 

1 

BmryU, 

Am. 

fiCUA, 

LBERM 

ANN. 
M&n- 

NiflkeU 

CoUit. 

Iron 
protoi. 

Csd- 

Copper, 

Le«d. 

8i]T«r. 

■ 

15360 

*•• 

14690 
13676 

11649 

M440 
11840 

»•♦ 

11170 

•  4  1 

16943 

10455 

83i>7 

7710 
..1 

11075 
10850 

tt«35 

1 1 931 
10450 

10411 
9^45 

11780 
9956 

10374 

9171 
... 

MB 

10871 

96*48 

98^8 

8590 

«*. 

10140 1 
8'ii6 

8109 
7546 

7710 
6400 

64*16 
5«^4 

9540 

6106 

1 

^^^^^^^^^^ 
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5.  "  \^Tien  a  neutral  salt  is  converted  into  a  basic  salt,  tbc 
combination  is  accompanied  by  the  disengagement  of  heat 

6*  "  When  one  and  the  same  base  displaces  another  from  any 
of  its  neutral  combinations^  the  heat  evolved  or  absorbed^  is  always 
1  [nearly]  the  same,  whatever  the  acid  element  may  heJ^* 

The  results  of  Favre  and  Sdbermann  lead  substantially  to 
similar  conclusions,  though  the  absolute  quantities  of  heat  which 
they  ohtained  in  many  cases,  differ  considerably  from  those  given 
by  Andrews.  The  table  which  is  given  on  the  preceding  psge 
indicates  the  amount  of  heat  obtained  by  both  observers  by  com- 
bining I  equivalent  of  each  of  the  different  bases,  with  each  acid, 
the  acid  being  always  very  slightly  in  excess,  S 

In  the  present  stage  of  our  knowledge  upon  this  subject,  it  H 
appears  safest  to  state,  that  the  quantity  of  heat  emitted  during  H 
the  act  of  coml)iuation  of  equivalent  quantities  of  different  acids  S 
with  a  given  base,  although  nearly  the  same,  is  not  rigidly  so.  " 
They  might  probably  be  arranged  in  isothennic  groups,  as  followSi 
— those  which  stand  first  evolving  most  heat: —      wiUuBqi^ofpouA, 

1.  Su]p!iuric  and  sulphurous  acids       .      .      .  15900 

2.  Oxalic,  nitric,  phosphoric,  arsenic,  hydro- 1      ^ 

chloric,  hydriodic J 

3.  Chromic,  formic,  acetic 14000 — 13800    ^ 

4.  Tartaric,  citric,  succinic 13200  ■ 

The  bases  also  differ  in  the  amounts  of  heat  which  they  emit 

in  comljiniug  with  the  same  acid,  but  as  only  a  very  few  of  the 
bases  are  soliiUe  in  water,  their  thermic  powers  cannot  be  com- 
pared in  so  simple  a  manner  as  those  of  the  acids.  Potash,  soda, 
and  baryta  seem  to  be  nearly  isothermic,  whilst  ammonia  is 
decidedly  inferior  to  these  bases*  Lime,  magnesia,  and  the  other 
insoluhle  oxides  cannot  be  satisfactorily  compared  with  each  other, 
until  tlie  amount  of  heat  which  is  absorbed  during  their  passage  ^ 
into  the  liquid  form  is  known. 

•  The  author  cannot  here  omit  aelcDOwledgiDg  the  kindness  of  his  friend 
Dr.  Andrews,  who  has  furnished  him  with  a  tahle  of  hia  experimental  resulUil 
rediiL-ed  from  the  paper  in  the  Transaciwns  of  ike  Royal  Irish  Academy  tCl| 
the  hydrogen  unit,  corrected  for  the  speeiije  heat  of  the  solutions  employed  j 
this  correctiuix  is  very  trilling  in  amount,  hut  it  was  omilted,  as  statecl,  in  thi 
original  paper.  Dr.  Andrews  lias  also  communicated  to  the  author  the  re^ulll 
of  an  unpubUshed  aeries  of  experiments  just  completed  upon  this  suhject, 
which  were  undertaken  with  a  view  of  throwing  li^ht  upon  the  difference 
between  the  concluaions  arrived  at  by  the  French  chemigta,  and  those  formerly 
published  by  the  ProftBaor  of  Belfaist.  The  general  result  of  tlieee  new  ex- 
periments, which  were  performed  witli  thermometers  of  greater  delicacy  than 
on  the  former  occasiont  and  with  additional  preeautions  to  avoid  error,  con- 
firms the  concluaions  preTioaaly  arrived  at  by  Dr.  Aadrcwa.  ^m 
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APPENDIX. 


Specific  Graviiies  corresponding  to  Degrees  of  Baumi^s  Hydro- 
meter  for  Liquids  heavier  than  Water. 


Specific 

gp««iflo 

Bpeotflo 

Bpeoiflo 

l}<gr«M. 

Gravity. 

Degnei. 

Grfcritj. 

Degrees. 

Grftrilf. 

DAgreea; 

Qntitj. 

O 

I  OCX) 

20 

1-153 

40 

I '357 

i'3% 

60 

1*653 

I 

ICJ07 

31 

ri6o 

41 

6r 

1*670 
1689 

1 

roia 

31 

1-169 

4^ 

1*381 

62 

z 

102O 

33 

1-178 

43 

**395 

t^ 

1-70!* 

4 

102] 

24 

44 

1*407 

64 

1-727 

I 

1'0J4 

^i 

1197 

"♦5 

1  '420 

'>5 

1-747 

1041 

1*206 

46 

»"434 

66 

I  ■767 
1-788 
1-809 

I 

IO4S 

27 

V2l6 

ti 

1-44H 

u 

1056 

28 

1-225 

r462 

9 

I  063 

29 

i'^^:^ 

49 

1-476 

69 

vSy 

lO 

royo 

30 

I  "54  J 
1-207 

50 

1-490 

70 

r«54    ' 

II 

1078 

3» 

51 

I  ■495 

71 

1*877 

12 

1085 

32 

5a 

1-520 

72 

1*900 

13 

1094 

33 

;:JI2 

53 

1*535 

73 

1*924 

14 

noi 

34 

54 

1-551 
1*567 

74 

1-949 

;^ 

IJ09  1 

it 

1299 

55 

75 

1*974 

1  118 

1*310 

56 

1-583 

lOOO 

76 

2'000 

\l    : 

|'I26 

11 

1-321 

57 

ri34 

1*333 

5^ 

r6i7 

t^ 

ri43 

39 

1*345 

59 

i'<^34 

Specific  Gravities  on  Baumd's  Scale  for  Liquids  lighter  than 

Water. 


StMNHfid 

8p«cifift 

Specific 

Spedfifl 

X>icrfl«i. 

G»Titj. 

I>egre««. 

Qnifilf. 

Degr*«». 

QnriXj. 

BegTMa. 

Grmntj. 

10 

roQo 

33 

0"9l8 

3« 

0849 

49 

0*789 

ir 

0993 
0-986 

34 

0-913 

P 

0-844 

50 

0-785 

ij 

^i 

0907    , 

0-839 

51 

0-781 

13 

0-980 

0901 

39 

0834 

53 

0177 

14 

0*973 

^§ 

0-896 

40 

0830 

S3 

0*758 

;§ 

0*967 

0-890 

41 

0825 

54 

0*960 

29 

0-885 

42 

0820 

% 

0*764 

% 

0*954 

30 

0-880 

43 

0-816 

0760 

0-948 

31 

0874 

44 

o'8ii 

% 

0-757 

19 

0942 

33 

0-869 

:^ 

0-807 

0753 

ao 

0  936 

33 

0-864 

0-802 

g 

o*749 

31 

0-930  I 

34 

0'859 

47 

0-798 

0-745 

33 

0-924 

35 

0854 

48 

0-794 
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The  degrees  of  Twaddell's  hydrometer  are  readily  co&Tertd 
into  their  cx)rre8pondiiig  specific  gravitieB  by  multiplyiiig  ihm  bf 
5,  and  adding  looo.     The  foUowing  is  a  abort  table  of 

Decrees  on  TwaddelPs  Hydrometer,  and  the  correip<m£a9 
Specific  Gravities. 


8p«eii« 

BpMdio 

8pMiS0 

8p«die 

f 

Qnritj. 

DvfTMt. 

Or»Tit7. 

D^gm.. 

Qtmwitj. 

DegnM. 

Gnfitr. 

1005 

8 

ro40 

\l 

1075 

i-oSo 

22 

I'lIO 

a 

roio 

9 

1045 

23 

1115 

3 

1015 

10 

1050 

[I 

1085 

24 

1*136 

4 

loao 

II 

1055 

I 'COO 

1*090 

s 

ri3S 

1 

1025 

la 

19 

i"o95 

1130 

1030 

13 

1065 

ao 

i-xoo 

u 

II35 

7 

1035 

14 

1*070 

ai 

x'io5 

1140 

EngKih  WeighU 

and  MeanarcM.- 

—Avoirdt^ms, 

Oniiift. 

Dndunt. 

Onaoes. 

n>. 

On. 

Cwt. 

r 

Orain    .    . 

I 

Dradun 

a7*34 

I 

Oance  .    . 

437-5 

16 

I 

Pound  .    . 

7000 

71^8 

3867a 

573440 

16 

I 

Quarter     . 

.oiooo 

448 

a8 

I 

Cwt.    .    . 
Ton  .    .    . 

784000 
15080000 

X 

iia 
aa40 

4 
80 

I 
30 

I 

Troy  Weight. 


OniBi. 

dwti. 

Onnoet. 

lb. 

Orain      .... 
Pennyweight   .     . 
Ounce     .... 
Pound     .... 

i 

5760 

I 

ao 

240 

I 
13 

I 

I  cubic  inch  of  distilled  water  in  air       at  6a°  F.  ===  353*456  gnins. 
I  cubic  inch  of  distilled  water  in  vacuo  at  63^  F.  ==  353*733  grains. 

Cubic  Inohet. 


I  Oallon 

= 

377*276 

I  Pint 

= 

34^559 

I  Fluidounce 

= 

17339 

I  Litre 

s= 

61034 

I  Cubic  centimetre 

= 

0*061034 

I  Cubic  inch  =s  16*387  cubic  centimetres, 
rooooo  parts  of  gas  at  33°  F.,  39922  Bar.  (also  at  33'^,  become  at  6o*»  F., 
Bar.  30  inches  (also  at  60°)  =  105720  part*. 


AP?BND1X.  609 

Comparison  of  French  and  English  Weights. 


Onam. 


Graina. 

6  Grrammes    =     93594088 


I   Gramme  =     15*432348 
a        „  =    30-864696 

3  „  =    46297044 

4  „  =    61739393 
6        ».  =    77*^^1740 

The  weight  of  a  gramme  is  that  of  a  cabio  centimetre  of  distilled  water 

at  39°-3  F. 


7  „  =    108-036436 

8  „  =    133-458784 

9  M  =    138891113 


10  „  =    i54'32348o 


Oruni.  OS.  At.  lb.  At. 

I  lliBiffTamme  =  0*01543 

I  Centigramme  =  0*15433 

1  Decigramme  =  i'543a 

I  Gramme  =  15*432 

1  Kilogramme  =  i5432'348  =       35'2739        =         2*2046 


Comparison  of  French  and  English  Measures. 

Bofliluh  InohM.  Teet.  Yardt. 

I  Millimetre    ==  0*03937079 

I  Centimetre  =  0*3937079 

I  Decimetre    =  3'937o79 

I  Metre^         =  39'37o79  =         3280899    =  r 093633 

I  Kilometre     =  39370-79  =  3280-899  =     1093*633 

The  length  of  the  platinum  metre  is  estimated  at  the  temperature  of  33°  F., 
the  English  standard  yard  at  63^  F. 


Fluid  oanoefl.  Pintt. 

I  Litre       =       35*2754       =        ''7^377 
The  capacity  of  a  litre  is  that  of  a  cube  of  a  decimetre  in  the  side. 


To  Reduce  Orammes  to  Chrain4t, 

Log.  Grammes  +  1*188433  =  log.  Grains. 

To  Reduce  Cubic  Centimetres  to  Cubic  Inches, 

Log,  cubic  centimetres  -|-  ( — 2*7855007)  =  log.  Cubic  inches. 

To  Reduce  Millimetres  to  Inches. 

Log.  millimetres  -|-  (—2-5951663)  =  log.  inches. 

To  Convert  Grains  into  Orammes. 

Log.  grains  +  ( — 2*8115680)  =  log.  grammes. 

To  Convert  Cubic  Inches  into  Cubic  CenHmHres. 

Log.  cubic  inches  +  1*2144993  =  log.  cubic  oeniimetret. 

lb  Convert  Inches  into  liillimetres. 

Log.  inches  +  1*4048337  =  log.  millimeiree. 


•  The  metre  is  a  ten-millionth  pari  of  a  t|uadrant  of  a  meridian  oirde  of 
the  earth. 
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Values  of  MiUmetres  in  English  Inches. 


MOU. 

sar 

nu/itm,                        IbSm. 

Mini. 

af 

1 

•     003937070 
007874158 

45    ...      .      1-7716 

135    •      • 

.    4'94i 

a 

50    .     . 

rpob 

130    .      . 

.    .    S'"8 

3 

o'ii8iia37 
.     .     015748316 
.     .     019685395 

g:  : 

2-165 

»35  •    • 

.    .   S^Z^t 

4 

2-363 

140  .  . 

.    .    5'5" 

^ 

65 . 

355? 

MS   •     • 

.    .    5708 

.    .     023633474 

70 . 

3-756 

150  .  . 

.    5-906 
.   6a99 

I 

•    •     0375595,53 
.     .     0-31496633 

75  • 

80 . 

a-953 
3149 

\U:  : 

9 

.    •     0354337*1 

85 . 

.    3*346 

165 .  . 

.    6«6 

lO 

•     0-39370790 

90 . 

.    3543 

170 .  . 

.    .    6<i93 

>5 

ao 

.     05905 
.     0-7874 

95  • 
100 . 

.    3740 
.    3937 

I'd :  : 

.    6-800 

25 

.     0-9843 

105 . 

.    4134 

18s .  . 

.  .  r^a* 

30 

ri8ii 

no  . 

'    4-33» 

190 .  . 

.  .  7-480 

35 

•    .      f3779 

115  • 

.    4-538 

«95   .     . 

.  .  r^r, 

40 

.    .      15748 

130   ...     .     4744 

aoo  .    . 

•    7-874 

Table  of  the  corresponding  Heights  of  the  Barometer  in  MilUmdres 
and  English  Inches. 


MUli. 
lurlm. 

7io 

Knglith 
inchM. 

MilU. 

^S^ 

Mim. 
metrea. 

££»! 

= 

38-347 

739 

= 

29-095 

758 

S-: 

39843 

7^« 

= 

38386 

740 

= 

39134 

'F 

=s 

39-882 

7^2 

= 

38435 

741 

= 

29174 

^ 

39-932 

723 

= 

38-465 

743 

= 

39*213 

76i 

a= 

39-961 

724 

= 

38-504 

743 

= 

39-353 

76a 

=s 

30-000 

725 

= 

3«r,43 

744 

= 

39-393 

763 

^ 

30039 

730 

= 

38583 

746 

748 

= 

39-331 

764 

=— 

30070 
30-118 

30158 

7^7 
738 

""" 

38633 
38-663 

rs 

39370 
29-410 

td 

= 

7^9 

^suz 

38-701 

=r 

39449 

Td 

as 

30I9T 

30-336 

730 

SIT 

38740 

749 

= 

29488 

B= 

731 

= 

38-780 
38.819 

750 

= 

39538 

769 

ss 

30-376 

733 

C3 

751 

= 

39-567 

29-606 

770 

— 

30-315 

733 

^ 

38-858 

753 

= 

771 

_ 

30355 

734 

= 

38-898 

753 

= 

39$45 

773 

-. 

30-394 

\f 

Z^ 

38-937 

754 

= 

39-685 

773 

ss 

30-433 

— 

28-976 

755 

^ 

39-734 

774 

ss 

30473 

s 

^ 

39016 

750 

= 

39764 

775 

ss 

30-5" 

~ 

39055 

757 

~~ 

39803 

HiH 
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Table  for  ike  ConverBion  of  Decrees  on  the  Vetitigrade  Thermo*              ^| 

mei^  into  thoae  of  Faltrenheit's  Scale, 

■ 

•Cent. 

*F»h, 

^Ont. 

*F»h. 

^Ceikt. 

"Faii. 

'0«it. 

•fill. 

I 

—  lOO 

—  148*0 

:::? 

-S<5^ 

3 

35*6 

53 

ijr4 

«    9Q 

^  146J 

*-  54-4 

3 

37H 

54 

129*2 

V 

-  9B 

-  U4  4 

:::J 

—  5^  ^» 

4 

39.' 

,? 

1310 

^^1 

-  97 

—  141  6 

-508 

•^ 

410 

1318 

I^^H 

^  9^ 

—  140  8 

-45 

—  490 

43H 

57 

1346 

^^^1 

-  95 

-  1390 

—  44 

"47-^ 

g 

44-6 

S8 

13^4 

^^H 

-  94 

-  137*^ 

-43 

-  45  4 

4&4 

'd 

138*2 

^^^1 

-  93 

-  J35  4 

—  4^ 

-  43^ 

9 

483 

140*0 

^^^1 

-  93 

-  «33  <i 

—  41 

-*4*H 

10 

500 

61 

141*8 

^^H 

-  9' 

-  i3»*« 

—  40 

—  400 

1 1 

518 

63 

I43'<5 

^^^1 

=  !i 

—  1300 

--39 

-  3>«'3 

13 

53'<5 

63 

U54 

^^^H 

—  I28'J 

-3^ 

-  3^»  4  1 

13 

554 

64 

147  3 

^^^1 

—  12(5*4 

''37 

-34*6 

14 

57'3 

^i 

149*0 

^^^M 

-51 

—  1246 

-36 

-  3rS  , 

:g 

r. 

1508 

^^H 

—  86 

-  i3rH 

^35 

-310  1 

s 

1536 

^^^1 

-  8S 

—  IJI  o| 

—  34 

-  39' 3 

*I 

626 

i544 

^^H 

-^ 

—  U91 

—  33 

-374 

t8 

^J'^ 

69 

1563 

^^H 

-83 

-1174 

^33 

-  2r,'6 

19 

661 

7° 

158-0 

^^^^^1 

—  8a 

-115-6 

—  3' 

-  ^3« 

30 

680 

7« 

«59'8 

^^^1 

-  81 

-ii3'8 

--30 

—  330  j 

31 

698 

7^ 

i6v6 

^^H 

-  80 

—  I J  20 

—  19 

~  30'3 

33 

716 

73 

<63*4 

^^H 

~  ^2 

—  II02 

—  aH 

~'^'i 

33 

734 

74 

.65-2 

^^H 

-  78 

-1084 

—  ^7 

—  i6-6 

34 

753 

75 

1670 

^^^M 

-  77 

-  io6'6 

—  261 

-  I4'8  , 

11 

78-8 
806 

78 

1688 

^^H 

-  76 

*-  1048 

—  25 

-130 

'I 

170*6 

^^1 

-  75 

—  1030 

—  24 

—  113 

27      1 

78 

172*4 

^^^1 

-  74 

—  1012 

-33 

-    9  4 

38 

83*4 

79 

174-2 

^^^1 

-  73 

-    994 

^33 

-    76  1 

39 

84*3 

«o 

1760 

^^^M 

-  7' 

-    976 

—  31 

-    5-8  1 

30 

86*0 

81 

177-8 

^^H 

-  71 

-    95"« 

--30 

-    40 

31 

878 

Si 

1796 
181*4 

^^^1 

-    94a 

z:? 

—    3*3 

33 

89*6 

83 

'^^1 

—    09 

-    gri 

-    04 

33 

91*4 

84 

183*3 

^^^1 

—  68 

--   904 

—  >7 

+    r4 

34 

93"  3 

80 

iSro 

t86-8 

^^^M 

-67 

-    88-6 

—  16 

3*2 

35 

95'0 

86 

^^H 

-  66 

«    86-8 

—  15 

S'o 

36 

96-8 

87 

1886 

^^H 

"^•"^ 

-    850 

—  ^4 

6-8 

37 

986 

88 

190*4 

^^1 

-64 

-    P^' 

—  13 

8-6 

38 

ioo'4 

89 

193*2 

^^H 

-6.3 

-    81*4 

—  12 

104 

39 

IOJ3 

90 

194*0 

^^H 

—  6j 

"    796 

—  II 

13  3 

40 

1040 

9« 

195*8 

^^H 

—  6f 

-    77-8 

—  10 

140 

41 

1058 

9' 

197*6 

^^1 

—  60 

-    760 

=  § 

158 

43 

107*6 

93 

1994 

^^1 

:P 

-    74'2 

176 

43 

I€>94 

94 

3ora 

^^1 

-    7^4 

z2 

—  5 

ly'4 

44 

lira 

U 

» 

30J0 

^^H 

=  P 

-  706 

-  68  8 

31*3 
330 

ti 

ItJO 

1 14  8 

sa 

^1 

-  55 

—    670 

—    4 

348 

11 

n6  6 

ioK-4 

^^^H 

-  54 

-      ^o2 

—   3 

36*6 

1184 

S»V) 

IIOJ 

^^^1 

^  53 

-  6r4 

—     3             384 

49 

130J 

100 

JIJ'O 

^^H 

—  5' 

—    61  6 

—     1             303 

50 

tiio 

101 

Ji3'«< 

^^H 

-  51 

-    598, 

0             31 0 

5< 

taa^ 

10* 

>ts6 

^^H 

-  50 

-   S«*o 

+  1         a3S 

5' 

t«$^ 

m 

•ir* 

^1 

ta 

^J 

^H 

APPENDIX*                   ^^^^M 

■ 

^^B            Conversion  of  Degrees  on  the  Centigrade  Thermometer  into  ih^^^ 

^/ 

FahrerdieU*i  Scale. 

lOmHmmd,'] 

I 

*CmL 

"Ftii. 

-Cwt. 

-Frt. 

"CSoit, 

«F»h, 

"C^ot. 

^TA. 

1 

104 

319.3 

,„ 

3ii'o 

306 

402*8 

'.U 

494-6 

ISi 

2210 

150 

atrS 

l^ 

404-6 

4964 

323'8 

3 

3146 

406*4 

259 

49«'2 

;s 

3246 

316-4 

309 

408-2 

260 

500*0 

226*4 

'59 

318*2 

210 

4100  : 

261 

501*8 

t09 

228-3 

I6S 

320*0 

21 1 

41  r8 

262 

503-6 

no 

230-0 

161 

321*8 

313 

413*6 

263 

505-4 

III 

33iH 

163 

3^36 

213 

415*4 

264 

507*2    1 

^_ 

112 

233*^ 

163 

3^54 

214 

417-3 

265 
366 

509*0 

fl 

113 

23.r4 

164 

357-2 

215 

4190 

5108 

■ 

114 

237'^ 

'^? 

329*0 

216 

430*8 

267 

512*6 

■ 

1!^ 

339-0 

166 

330*« 

Wl 

422'6 

268 

5M4 

■ 

240ft 

167 

332-6 

4244 

269 

516*2 

■ 

\\h 

242 '6 

168 

334*4 

3!9 

426-3 

370 

5180 

1 

344-4 

169 

33<5'2 

220 

4280 

271 

519*8 

119 

34<5  2 

170 

338-0 

221      1 

429*8 

273 

521*0 

1 30 

24«'0 

171 

339-8 

233     1 

431*6 

273 

523*4 

131 

2498 

173 

341-6 

223 

433*4 

274 

525-2 

133 

251 '6 

173 

343-4 

224 

435-2 

37S 

527*0 

52S8 

"3 

i»53'4 

174 

345-2 

225 

437*0 
438*8 

134 

25r>'2 

11^ 

3-i7-o 

1     326 

'^i 

530*6 

III 

357-0 

348-8 

237    ! 

4406 

532*4 

358-8 

;;? 

3506 

228 

4424 

279 

534'2 

III 

360*6 

352*4 

229 

444-2 

380 

5360 

262:4 

179 

354'3 

330 

446*0 

28 1 

537-8 

139 

2642 

180 

356*0 

231 

447*8 

283 

539*6 

130 

2660 

iSf 

3578 

333 

449*6 

283 

54i'4 

131 

267*8 

183 

359*6 

233 

451*4 

284 

5432 

13^ 

26(^-6 

183 

3614 

234 

453'2 

385 

5468 

133 

371*4 

184 

363*2 

235 
236 

4550 

386 

134 

273'2 

s 

36.70 
366*8 

456-8 

28; 
38S 

5486 

:p 

2750 

238  ! 

458-6 
460-4    1 

5504 

^_ 

376'8 

187 

368-6 

389 

552*2 

■ 

136 

278-6 
2804 

188 

370-4 

239 

462-3 

390 

554*0 

■ 

189 

372-2 

240 

464*0 

291 

5558 

■ 

139 

282^2 

190 

374-0 

241 

4658 

392 

557'6 

■ 

140 

2840 

191 

375-« 

242 

467-6 

293 

559-4 
561-2 

141 

2S,r^ 

192 

377-6 

243 

4694 

294 

141 

287*6 

»93 

3?J4 

244 

471*2 

295 

563-0 

1 

M3 

389*4 

»»;4 

381*2 

S2 

473-0 

296 

564*8 

144 

391*2 

195 

196 

383*0 

474*8 

297 

5666 

15 

2930 

3'V8 

a 

476-6 

298 

5684 

394^8 

197 

386-6 

478-4 

299 

570-2 

1 

18 

3966 

196 

388*4 

249 

480*2 

300 

572-0 

398*4 

199 

390-2 

250 

482*0 

301 

573*8 

149 

300-3 

3O0 

392-0 

251 

483-8 

302 

575*6 

150 

303*0 

301 

393*8 

253 

485*6 

303 

577-4 

^ 

151 

3038 

303 

395*6 

253 

487*4 

304 

579*2 

■ 

"5^ 

305'<5 

203 

397'4 

254 

489*2 

305 

5«i*o 

■ 

^53 

307-4 

304 

399' -z 

255 

49  ro 

306 

'     5828 

■ 

>S4 

309*3 

305 

401  0 

256 

4928 

307 

584*6 

1 

■  ■^ 

J 
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inversion  of  Degfee$  on  the  Centigrade  Thermometer  into  those 
of  Fahrenheit's  Scale. 

[OmMmmvI.] 


"  CiBt. 

"Fill. 

'Cent. 

°WMb. 

"Ciail. 

"Fit. 

480 

«F»k 

308 

S^^4 

33P 

636*0 

35' 

6638 

896 

309 

588*1 

33' 

6178 

35a 

66s6 

490 

9^4 

310 

590-0 

333 

619*6 

353 

6674 

C 

n^ 

3** 

5918 

333 

631-4 

354 

6691 

till 

3^3 

593^ 
S9B4 

334 
33^ 

633-^ 

^ 

671*0 
673-8 

C 

1191 
147^ 

314 

59ra 

S5 

Its 

tn'^ 

900 

1651 

310 

^l 

s 

6386 
^40*4 

6764 

678-3 
680*0 

698 
716 

1000 
1100 

1831 
301 1 

3'7 
31S 

6026 
6o4'4 

339 
340 

64  3 '3 
6440 

1300 

i3<« 

2ig2 
3373 

^ 

3'9 

6062 

341 

^^^1 

I40D 

355a 

330 
3^t 

6080 
6098 

34a 
343 

6476 
5494  i 

390 
400 

i 

734 
75a 

1500 

1600 

3733 
191a 

33a 

6116 
613H 

344 
345 
34^ 

6530 

410 
410 

g 

1700 
1800 

3093 
3^73 

334 

615*1 

iHf 

430 

1900 

3453 

^ 

617*0 
61^8 

t» 

656-6 
6584 

440 

450 

814 
842 

3000 
1100 

3633 
381a 

S»9 

610*6 

349 

660*3 

460 

860 

1100 

3993 

633*4 
614*1 

350 

6610 

410 

878 

i3«o 

4173 

^^^^    814                  ^^B                                        ^^^^^^^^1 

^^^^     Qmh/i/m  qf  Aimlmie  Alcohol  by  Weight,  m  MMures  of  Alcohd  _ 

mmd  Wai€r  0/  ike  fothwimg  Specific  GravUUs  (Drirnkwaier) : — 

1 

M^^ 

.IkoH 

AknM 

Aleohd 

1 

H    Ssixb 

m. 

-5m 

■iMO 

Mk^, 

ten* 

5 

1 

l*"*^ 

i*"^ 

f-*^ 

■»-*- 

t«M. 

^^^^^^^B 

I'^QPOO     000 

X996T     f  78 

•9934 

3*<S7 

\ 
9901      5-70 

'^ 

r8s 

mm  «^ 

'ms^    crit 

9964 

r83 
r89 

I '94 

993J 
9932 
9931 

313 
378 
3*84 

:g 

'4 

589 

■9968 

US 

7-9J 

4 

W 

0  Ji 

99^3 

1-99 

9930 

3*90 

•989<i  i'oi 

•9865 

8*«3 

^999$ 

0*26 

•9962 

2*05 

'9929 

3*9<5 

•9864 

8-30 

"99iH 

o'M 

9961 

2*11 

'99^8 

4.03 

•989s 

600 

•9863 

8'7 

9993. 

037 

•9960 

217 

-9927 

4-o8 

•9894 

6.5 

986a 

8-34 

9992 

042 

9959 
9958 

2-22 

•9926 

414 

•9893 

6-2a 

•9861 

84« 

-9991 

0-47 

2*28 

•9935 

4*20 

•989J 

f'9 

•9860 

8-48 

:ii 

o"53 

■9957 

i'34 

9924 

4*27 

•9891 

iss 

■9859 

rg 

0-54 

'995'' 

2*39 

99^3 

4.33 

6^2 

■9838 

*9955 

3*45 

-9922 

4*39 

'9889 

649 

® 

»7<. 

"99«7 

069 

9954 

3  51  1 

9921 

4-45 

'9888 

1 

■re 

•9986 

074  , 

'9953 

If. 

•9920 

4*51 

US 

•9855 

'99H 

OKO 

'9951 

-9910 
•9918 

4*57 

669 

•9854 

^01 

•9984 

0*85 

9951 

2-68 

4-24 

■9885 

675 

■9833 

8-98 

•99«3 

0*91 

*9950 

2-74 

-9917 

470 

■9S«4 

682 

•985» 

9«>5 

•9981 

0*96 

•9949 

279 

•9916 

4-76 

•yS83 

689 

•9851 

912 

9981 

103 

'994» 

^■H 

9915 

4*82 

•9«tij 

<595 

•9850 

9*20 

•9980 

ro7 

•9947 

2-91 

■9914 

4*88 

■9>IH| 

702 

■9849 

927 

'997g 

ri2 

'994*5 

297 

•9913 

4*94 

•9.S80 

709 

•9848 

9*34 

■9978 

118 

*9945 

3-02 

'9912 

5-01 

•9'«:9 

716 

•9847 

941 

•9977 

>'23  i 

■9944 

3*o8 

*99U 

507 

■9878 

7*23 

•9846 

9'49 

'9976 

1-29 

"9943 

3*M 

■9910 

5*'3 

•9*77 

7-30 

■9*45 

9f 
9^3 

•9975 

I '34 

*9942 

3'20 

■^ 

520 

•9876 

7*37 

•9844 

*9974 

1-40 

•9941 

3-26 

516 

•9875 

743 

•9843 

975 

'9973 

1*45 

•9940 

333 

•9907 

5-32 

•9874 

750 

•984a 

9-78 
985 

•9972 

jSi 

9939 

337 

•9906 

5*39 

•987.1 

7*57 
764 

•9841 

•9971 

rii 

•9938 

3'43 

•9905 

5'45 

•9873  ^ 

•9840 

99a 

'9970 

9937 

3*49 

•9904 

S'ol 

•9871 

77* 

•9839 

999 

1-67 

•9936 

3*55 

•9903 

S'f 

•9870 

778 

•9838 

1007 

173 

■9935 

3*61 

'9902 

5*64 

1 

^^M                This  table  is  founded   on   ejothetic    experiments,  in   which 

^^B          dcTCn  different  mixtures  of  alcohol  and  water  were  made,  contain* 

^^^^    ing  respectively  0-5,  i,  2,  3,  4,  5,  6,  7,  8,  9,  and  10  per  cent,   of 

^^^^B    alcohol  by  weight :  the  alcohol  employed  had  a  specific  graWty  of 

^^^r   07938  at                                                                                                    m 

^^^^^^^^^^^^H                                                 ^^H 

■       Proportion  of  Absolute  Alcohol  by  Weiyht  in  icx>  parts  of              ^^^H 

^^K           Spirit,  of  different  Specific  Gravities  at  60  F.                       ^^^| 

(Fownes.     PML  Trans.  1847.) 

■ 

AJoobol 

Specific 

Alcolwl 

Specific 

Alcohol 

Speciflc 

Akohol 

Specific 

^^1 

percent 

Omvity. 

pnir  cent. 

&rmYilf. 

p«r  ceat. 

Gravity, 

per  cent. 

Qrmritj, 

■ 

0 

1. 0000 

M 

•9^52 

51 

■9160 

76 

•8581 

""^ 

'9991 

^9638 

53 

"9135 

^ 

•8557 

^^^H 

I 

^9«i 

11 

•9633 

53 

■9U3 

•8533 

^^^^H 

a 

•9965 

'9609 

54 

'9090 

R 

'8508 

^^^^1 

3 

'9947 

29 

'9593 
*957^ 

s 

•9069 

^8483 

^^^H 

4 

'9930 

30 

■9047 

81 

'«^459 

^^^^1 

I 

^99 '4 

3E 

•9560 

^'1 

■9025 

82 

^8434 

^^^^H 

•9898 

33 

'9544 

56 

■9001 

83 

'8408 

^^^^H 

I 

'9884 

33 

*9528 

5*^ 

'8979 

84 

•8382 

^^^^M 

9869 

34 

'95  tr 

60 

^8956 

^5 

•8357 

^^^^H 

9 

'985s 

35 

•9490 

61 

■8932 

86 

*833^ 

^^^^H 

10 

•9841 

3^ 

*947o 

62 

■8908 

II 

•8305 

^^^^1 

II 

•9838 

■15 

*9452 

63 

•8886 

^8279 

^^^^H 

13 

•9815 

'9434 

64 

■8863 

89 

'8254 

^^^^1 

13 

'9802 

39 

•9416 

65 

■8840 

90 

•8228 

^^^^H 

14 

•9789 

40 

■939^ 

66 

■8816 

91 

•8199 

^^^H 

It 

•9778 
'97S6 

41 

•937<5 

s 

1^93 

92 

■8172 

^^^^^ 

42 

•9356 

•8769 

93 

•8145 
'81 18 

^^^H 

15 

*9753 

43 

•9335 

69 

'874s 

94 

^^^^H 

•9741    ' 

44 

'93  M 

70 

■8721 

95 
96 

*8aS9 

^^^^U 

19 

•9728 

g 

-9292 

71 

■8696 

'8061 

^^^^H 

20 

•97i<5 

^9270 

72 

^8672 

97 

'8031 

^^^^1 

31 

9704 

47 

•9^49 

73 

■8649 

98 

•8001 

^^^^H 

22 

^9691 

48 

•9228 

74 

■8625 

99    i 

^7969 
7938 

^^^^1 

n 

'9678 

49 

*92o6 

75 

•8603 

100 

^^^^^1 

24 

^9665 

5«i 

'91^4 

^H 

In  this  table  every  alternate  number  ia  the  result  of  a  dir 

^^1 

synthetical  experiment  j  absolute  alcohol  and  distilled  water  being        ^^^| 

weighed  out  in  the  proper  pro|K>rtionSj  and  mixed  bj  agitation  in         ^^^| 

stoppered  bottles ;  after  a  lapse  of  three  or  four  days,  each  spcci-         ^^H 

men   was   brought    exactly   to   60**  F*  and  the   specific    gravity        ^^H 

_   determined  with  great  care*                                                                        ^^^| 

9  their  Chemical  Functions. 
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aaes. 

metallie  ejfanid^, 
'  potaARium  (KCy); 
f  potassium. 


tloohols. 

tl^M,  or  kydroryanie 
ril^Bf  e.g.  acetoni* 

f). 


ildehydfl. 
nidf  (not  known 


aoida. 

ihJ*#,  e.g.  cyanide 
CjjH»0„Cy);  free 


TYPE,  AMMONIA. 


iHVN. 

hJ 


NiTBIfiXB. 

(Phosphides.) 


Nitrides  of  bases. 
I.  Primarjf  nitride*,  e^,  amide  of 

potasdom, 


n,  H^N. 


a.  8eeond€uy  nUridn  (unknown  aa 

yet). 


^1 

n,  KVN. 


\.  Tertiary  nUrid^f  tf.^.  nitride  of 

potassium, 

Nitrides  of  alcohols,  or  bases 
from  alcohols. 
I.  Primiuy  nUrideM,  «.g. 

ethylia.     H  ^N. 


a.  Secondary  nUridee,  e.g. 
C«Hr 
diethylia,  CfH. 


tifridee,  eA 
C^Hj-) 


3.  Tertiary  nifridee.  e^f. 

triethylia,C«Hft 

Nitrides  of  aJdehyds. 
I.  Frmary  nitridee. 


a.  Secondary  nitridee, 

3.  Tertiary   nitridee.     (All   these 
classes  are  as  yet  unknown.) 
Nitrides  of  aoids. 
I.  Primary  nitridee^  e.g. 

CuHsOr 
benzamide,      H 
H 


suecinamlde,     lis 


(CH,OJ" 


-if' 

y. 


TYPE,  HTDBOOEN. 


MSTALB. 

(Both  simple  and  compound.) 


Metals  of  bases. 
I.  Priwtary  metale.  or  hydridee  of 
metale,  e^,  hyoride  of  copper, 
Cu,II. 


.  Secondary  metale^  or  metale  pro- 
perly eo  called,  e4f.  potassmm. 


.  Secondetry  nitridee,  e.g. 

(CgH^Oj" 

•uocinimir     ^-^  •-'••• 


ide,  (CsH^OJ' 
C,rf,04 


hippuricacid,C|. 


HjO*-) 
g.O,JN. 


3.  Tertiary  nitridee,  e.g,  dibensoyl 

Balicylamlde.CuiUO.^N;  ttw 

nitrogen.  N'",  N. 
Salts  of  amides,  e.g.  hy<lrsrgo- 

benxamide,     liar     >N. 
H      J 

Alkalainide8.or  amides  derlTed 
from  aUtaloios  or  orfr*nio  bases 
instead  of  from  ammooia»  e^. 


ozanllldt, 


Jc:^Hf.|N.; 


Metals  of  aloohols. 

X.  Frimary  metaU,  or  hydridee  qf 
the    aleoholet    e.g.  marsh   gan, 

^g«];ben«)le.*^"g»]. 


a.  Secondary   metale,   or    alcohol 
radielee,  •^.  ethyl,  ^*^  ] ;  amyl, 


Metals  of  aldehyds. 

I.    Primary  metale,   or    hydridee 
of  aldehyde,   e^.   oleflant  "gas, 

a«  Secondary  metale  (not  yet  ob- 
tained). 


^^^,'^''1^. 


li 


3  0 


Metals  of  aoids. 

I.  Primary  metale,  or  hydro-acide, 
*^.  hydride  of  bcnioyl,  ^"2*^]  : 

Cl"> 
hydrochloric  acid,  ^  j ;  hydrocy- 
anic add,  ^}. 
a.  Secondary   metale,  or  radidee, 

«}iCT»og«.§}. 


In  this  dirisioD  many  of  those 
already  referred  to  other  classes 
would  find  their  places,  such  for 
infitanc«  as  the  cyanides  of  the 
alcohols,  which  contain  the  elec- 
tro-negative radicle  (cyanogen) 
of  cyanic  add,  and  the  electro- 
poeitiTe  radide  of  the  alcohol. 
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APPENDIX. 


Table  of  the  Tension  of  Aqueous  Vapour  expressed  in  Inches  of 
Mercury,  at  32*  F.,  for  each  degree  F.  between  o^  and  100°. 


Trmp. 

IlKhMDf 

;-/ 

lacbnaf 

Ttmp, 

Iiitbes  of 

Tvmp. 

Inches  of 

»f: 

Mcrcufr. 

HenrofT. 

<*f: 

M  proniy. 

^F. 

Mercuiy^ 

0 

00439 

36 

01395 

5^ 

0374a 

76 

0-8964 

1 

PO459 
00481 

11 

01457 

53 

0-3H81 

?i 

0-9366 

3 

0-1533 

53 

1   0*4026 

o;9|77 

3 

00503 
00526 

39 

l^& 

54 

04175 

11 

4 

30 

55 

044^ 

1*0337 
1-0566 

i 

0-0531 

31 

o'733 
01810 

5^ 

81 

0-0576 

33 

11 

,   0-46.53 

8a 

rogis 

I 

00603 

33 

0-1883 

'   0-4833 

t^ 

1-1374 

0*0630 

34 

0 '959 

61 

0  4997 
1  05178 

1  05364 

^ 

ri643 

9 
10 

^^ 

p 

0'3038 
0*3119 

ll 

r3033 
1-3413 

11 

00721 

37 

02204 

63 

0  5556 

11 

r38i§ 
1-3338 

12 

''''m 

3« 

0*3391 

^3 

0*5755 

'3 

0*0786 
00823 

39 

0*3381 

64 

,  0*5959 

OOIJO 

0-6388 
'  0*6613 

89 

|:S 

14 

40 

0*3475 

65 

66 

30 

:t 

O'o86i 
00899 

41 
43 

03571 
0*3673 

91 
9^ 

14537 
1*4996 

\i 

00940 

43 

0-3^83 

,  06843 

93 

1^547' 

0*0983 

44 

69 

■  07081 

94 

1-5958 
1-6457 

19 

0^1027 

t2 

03993 

o'3io8 

70 

07337 

95 

20 

01073 

71 

0-7580 
'  07841 

08109 

96 

1*697! 

ai 

0  1121 

a 

0-3326 

73 

?2 

1*2498 
1-8039 

33 

0*1171 

o'3349 

73 

33 

0'1223 
0*1278 

49 

o'347<5 

74 

08386 

99 

1*^595 

34 

50 

0*3607 

75 

,  0-8671 

too 

1*9170 

^5 

o'i335 

This  table  is  computed  from   Begnault's  experiments^   and  is 
taken  from  Dixon^s  "Treatise  on  Heat**  (p.  257). 
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INDEX. 


The  nombers  i.,  ii.,  iii.,  prefixed  to  those  indicating  the  page  show  to 
which  Part  of  the  work  reference  is  made. 


AcBTAL»  iii*  T37 
Aoetamide,  iii.  238 
Acetates,  iii.  407 
Aoetification,  iii.  134 
Acetomannite,  iii.  384 
Aoetone,  iiL  310 
Acetones,  or  ketones,  iii.  310 
Acetonia  (acetonine),  iii  312 
AcetonitrUe,  iii.  107 
Aoetnreide,  iiL  617 
Acetyl,  iii  181 
Acetylia,  iii.  164 
Acetylinm,  iii.  463 
Acid,  Acetic,  iii.  134,  405 

.,     Aoetonic,  iii.  31a 

„     Acetous,  iii.  133 

,,     Aoonitic,  iii.  34a 

,,     Acrylic,  iii  419 

,,     Adipic,  iii.  421 
' ,,     Aldehydic,  iii  133 

,,     Alizaric  (phthalic),  iii.  540 

„     Allantnric,  iii.  641 

,,     AUituric,  iii.  637 

,,     Allophanic  (carbureic),  iii.  176 

„     AUozanic,  iii.  634 

,,     Aloetic,  iii.  526 

„     Althionic,  iii.  144 

,,     Amalic,  iii  igi 

,,     Amidobenzoic  (benzamic),  iii.  463 

„     Ampelic,  iii.  580 

„     Amygdalic,  iii.  454 

,f     Angelic,  iii.  410 

,,     Anilic  (nitrosalicylio),  iii.  485 

,,     Anisic,  iii  491 

,,     Anthranilic,  iii.  535 

,,     Antimonic,  ii.  05  a 

„     Antimouious,  ii.  05  a 

„     Apocrenic,  iii.  90 

„     Apoglucic,  iii.  59 

„     Apophyllic,  iii.  284 

,,     Arachidic,  iii.  391 

„     Arsenic,  ii.  p6a 

„     Arsenions,  ii.  960 

„     Aspartie,  iii.  338 

,,     Auric,  ii.  I  OS  J 

„     Bassio  (Mtmrie),  ill.  593 


BenxasBio^  iii  a6s 


8q8 


Acid,  Benzoglyoollic,  iii.  47a 
Benzoic,  iii.  460 
Bensolactic,  iii.  473 
Benxo-Bulpho-phenylamio,  iii  138 
Bichlorobutyric,  iii.  401 
Bltunuthic,  ii.  974 
Boracic,  ii.  620 
Boroduoric  (flnoborio),  ii.  633 
Bromic,  ii.  544 
Bromosalicylic,  iii.  485 
Butic,  iii.  363,  39a 
Butyric,  iii.  399 
Caffeio,  iii.  205 
Campholic,  iii  450 
Camphoramic,  iii.  130 
Camphoric,  iii.  450 
Capivic,  iii.  505 
Capric  (rutic)i  iii.  396 
Caproic,  iii.  397 
Caprylic,  iii.  396 
Carbamic,  iii.  244 
Carbanilic,  iii.  463 
Carbazotic  (picric),  iii.  57 1 
Carbethylic  (carboTinic),  iii  1 46 
Carbolic  (phenic),  iii.  568 
Carbonic,  ii.  473 
Carbovinic  (carbethylic),  iii.  146 
Carbureic  (allophanic),  Ui.  617 
Carminic,  iii.  514 
Cerebric,  iii.  685 
Cerotic,  iii.  366      . 
Chloracctio,  iU.  41a 
Chlorhydric  (hydroohlorio),  U.  5*' 
Chloric,  ii.  534 
Chlorocarbonio,  II.  541 
Chlorochromio,  Ii.  913 
(/hloroniolybdio,  ii  944 
Chloroaalioylio,  Hi  485 
ChlurmiaUcyloua.  til.  480 
ChluruMt^aric,  lit.  394 
OhUmmulphuric,  Ii  578 
in»lon»uis  il.  537 
Chlort^valerisio,  Hi  300 
Oholallo,  iii  703 
Ohult»ic,  Hi  705 
i^holMUric,  Hi  708 
,.    (JhuUc.  Hi  703 
»»    Chuloldaaio,  Hi  705 


^v 

^^H 

^1      Add,  Chokidio,  iii.  704 

Acid, 

Getc,                                       ^^^H 

^1          ,,     Gliolotiie.  uL  701 

tl 

Olttcic,  iii.  59                       ^^^H 

^H           „     Chromie,  ii.  910 

fl 

GlycocboUe,  iii.  701            ^^^H 

^H          f,     ChfTwuumic,  lii.  536 

It 

Glycollic,  iiL  614                ^^^H 

^m          »,     ChiirtttuUc  ilL  535 

ft 

&u&iAde,  iii.  504                 ^^^^^| 

^H          »,     ChrTSoIepic,  iU.  5^ 

»1 

HemipiDtc,         1S4              ^^^^^| 

^H           ,,     ChryaophAnic,  iii.  5171  $fi 

>t 

Hippuric^  iii.  470                 ^^^^^| 

^H           ^f     CinojuniCf  iii.  476 

t» 

HoiQoloctic,  iii.  624            ^^^^^| 

^H           ,,     Gitraconic,  or  Citrilue,  iii.  543 

»P 

Hamie,  iii.  95                       ^^^^^| 

^1^     „     Citric,  iii.  359 

t» 

Hydriodic,       54  S              ^^^^^| 

^^^^1     ,f     Cobaliicy&iuc,  liL  59S 

*• 

Hydrobromic,  ii.  $4^         ^^^^^ 

^^^^1    ,,     Culopholic,  ilL  501 

»1t 

HydrDcll]on^  ii.  511         _^^^^| 

^^^    „     Com^e,  liL  544 

It 

Hydroeobftlticyanic,  iii.  S^^V^^^H 

V          ,»     Ooiiimme,iiL4a9 

»* 

HydixK'yiLitic^  ii.  648                   ^^H 

H           „     Crenio,  liL  5)6 

fl 

Hydrofemdtyiuiic,  iii.  596         ^H 

^m           „     Oroocmie,  11.  645 

FI 

HydrofetTOfyiknic,  lii.  ^S^           ^^H 

^L^     „     Cmninic^  iii,  473 

»V 

HydruducilioriCr  ii.  6:13                ^^H 

^^^H     ,,     CjruneluriCt  ill.  603,  604 

»» 

Hydrofluoric,  ii.  553                   ^^M 

^^H    »,     Cyikiiic,  ii.  651 

It 

Hydn>tiuosilicic,  ii.  6f8              ^^H 

^^^    ,,     Cy»n»Uc,  iii.  606 

t» 

Hydrumellotiic,  iii.  603               ^^^ 

^F           ^t     Cy&ouitaiic,  iii,  6^"! 

tl 

Hydfonitropruiaic,  iii.  596                1 

^H             y|     CyaDoric,  ti.  652,  Lii.  605 

tl 

Hydropefsulphucyanic,  iii.  603   ^j 

^H              ,,     Bejitmraceniic,  iii,  517 

>« 

Hydroitilphocyuuc,  iii.  602        ^H 

^M             ^1     Duklunc,  iii,  637 

tt 

Hydit«ulplittric»  ii.  580       ^^^H 

H             1,     DiAmidobeusoic,  iii.  464 

tl 

HyochokliCj  iii.  706           ^^^^^t 

■             ,f     DilitoTJe,  iii.  637 

IiycM!b oleic,  iii.  706             ^^^^^| 

^ft            »»     IHnitro«thylic,  iii.  2i5 

tf 

Hyocholic,  iii.  706              ^^^^^B 

^H            ,,     Dimtropheaic,  iii.  571 

fl 

Hypocbloroua,  ii.  529                ^^| 

^H            „     Diphottphethylie,  iii.  147 

tl 

Hyponitrie,  ii.  509                      ^^M 

^M            tf     Bisulpluiniiic,  Ui.  305 

tl 

Hyponitroiu  (nitrous)^  tL  508          1 

^H             ,,     Digulphetholic,  iii.  i^. 

tl 

Hypophoiphoroua,  ii.  603                  J 

^H            ,1     DiEalpbathylic  (eihiomc),  145,  305 

It 

HypuMutpbindigotic,  iii.  53a      ^^m 

^H             ,,     DUnlphobeazolic,  iii.  305 

♦» 

Hyp4»sulpliiriL\  Ii.  577               ^^M 

^H             „     Bisulphometbolic,  iii.  ib. 

tl 

HyiroRulpbnruUit,  iL  575            ^^t 

^H             „     DiaulphouApbihalio,  iii,  574 

II 

Indigotie  (auilic),  iii.  485          ^^M 

^H             „      Disulpliopropiolic,  iii.  305 

,, 

Inoflic,  iii.  682                     ^^^^H 

^M            ,t     B'lmiphoifiUAkf  iii.  ib. 

»» 

lusolinie,  iii.  575                 ^^^^^M 

^B             ,,     DitLioatc(liypa8uipliuric),  ii.  577 

»l 

549                       ^^^H 

H             „     Doeglic,  ill.  41  (J 

tl 

lodoanlpbaric,  ii.  579          ^^^^H 

^H                   El&idic,  iu.  411 

tl 

laatic,  iii.  535                               ^^H 

■             ,,     Elkgic,  iii.  351 

It 

laetbitiniCf  iii.  143                       ^^^ 

^H             ^^     Erueic,  iii.  419 

II 

Iikocy&Duric  (fQlmiiiaric)|  iii.  60S      1 

^^^^              Erythric,  iii.  54I 

fl 

l80t*rt»rie,  iiL  331                     ^i 

^^^K             Eiwuiio  i  aft  poll  ie),  iii.  514 

fl 

Itaooaic,  iiL  543                       ^^| 

^^^f            £thalic;  (ji&laiitic),  iiL  364 

Ii 

Eakodylic,  iii.  133              ^_^H 

^^^^             Klhitmiti^  iii,  141^ 

ft 

Eidc,  iii,  351                    ^^^^H 

^H             ,^     Ethylutrithiunic.  ill.  116 

ft 

Kresylic,  iii.  569                ^^^^H 

^H             ,^     Ethylsulphuroaa,  iii.  147 

f  1 

KyDtirenie,  iii.  644            ^^^^^| 

^m            ,,     Euxaiithic  (purreic)i  iii,  $}B 

If 

Lactam  ic,         I44                ^^^^^H 

^m            ft     Kvemefliot  lii.  54^ 

If 

Lactic,                                  ^^^^^^ 

^H                   Evernio,  t6. 

tl 

Lfk^Toraceniic,  ill.  325          ^^^^^| 

^H             ^^     Kxcretalic,  iii.  710 

fl 

Lantaniurio,  iii,  641            ^^^^^| 

^m                   Ferric,  ii.  895 

fl 

Laurie,  iii.  395                  ^^^^H 

^1             ,^     Ferridcyftnic,  iii.  596 

It 

Lecanoric,  iii.  549             ^^^^H 

^H              ,,     Ferrocyauic,  iii.  589 

It 

Leucoturic,  iii.  654           ^^^^H 

^H              ,,      Fluoboric  (borofluoric),  il.  623 

If 

LtDoltiiG,  iii.  360               ^^^^H 

^H              ,^      Flnaric,  ii.  ■153 

II 

LipiC)                                  ^^^^^1 

^H             ,,     FluoBilicic  (ailicofluoricX  iL  6t8 

«i 

LiLbie^iirir),  iiL  61S          ^^^H 

^H              ,,     Formic,  tii.  4I4 

11 

Lithofdlk,  lii.  708             ^^^H 

^m              ^^     Form obtiQzoy lie  (mftndetic),  ill.  459 

•  > 

MaJ«ic,  iiL  335        _       *^^H 

^m             ,,     FulniiDiCi  ti.  659,  iii.  607 

II 

^H              n     Fulndnuric  (idoeyauuric)  iii.  606 

II 

Malic,  iii.  334                            ^^M 

■              „     Fumwi^  iii.  335,  336 

t» 

Maadelic,  iiL  4^9                       ^^H 

^^^      ,,     (ialJjc,  lit.  34^ 

II 

MangaDic,  ii.  930                 ^^^^H 

^^^^    ,.     Gallotoimic,  iii.  346 

»i 

Margikrici  iii.  395              ^^^^^1 
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ACT 


hjcAd^  Meeonie,  iii.  377,  JI43 

„  MelaDorie,  UL  604,  note 

„  MeUane,  iii.  60 

„  Melinic,  iii.  367 

„  Mellitic,  iL  645 

„  MBMOonic,  iii.  343 

„  Metoxmlic,  iiL  634 

„  Metaoetonio  (propionic),  iii.  40 1 

„  Meta«aJlic,  iii.  350 

„  Metontimonic,  ii.  953 

„  MetepecUc,  iiL  84 

„  Metaphosphorie,  ii.  599 

„  Meteiitoiiiiic,  ii.  931 

,,  lUtatartorie,  iii.  331 

,y  Methioiiie»  iii.  305 

„  Ifimotannic,  iii.  348 

„  Molybdic,  ii.  94a 

„  Moringic,  iU.  419 

,^  Horiteimie,  iiL  345,  516 

y,  Mnoie,  iii.  69 

„  Mnriftlioi  iL  591 

,y  Hykomelinie,  iii.  634 

„  Myrirtio,  uL  395 

,,  MyroniCy  iiL  498 

„  Nftphthalio  (phUudic),  iii.  575 

,,  Nitrmniiio^  iiL  49a 

„  Nitric,  ii.  494 

y,  Nitrobensoic,  m.  46a 

,,  Nitrobatyricv  iiL  401 

,,  Nitrocinnamic,  iiL  477 

y,  Kitroooocunc,  iii.  51^ 

„  Nitromurifttic,  iL  5^0 

„  Nitropkenamic,  iiL  57a 

„  Kitropropioiiio,  iii.  403 

y,  NitroMlieylic,  iii.  485 

„  Nitrosiilpharie,  iL  579 

„  NitrouB  (hyponitroiis),  ii.  508 

„  (EnAnthic,  iii.  17a,  396 

,^  (Bnanthylic,  iiL  397 

y,  Oleic,  iiL  4ao 

„  OleophiMrphoric,  iiL  686 

„  Opianio,  iiL  a84 

„  OraeUenc,  iiL  543 

„  Omuui-oanic,  iL  1076 

„  Onnic,  ii.  1076 

„  Oxaleihylio  (oxaloYinic),  iii.  147 

„  Oxalic,  iL  64a 

„  Oxalic,  antidote  for,  ii.  643 

„  Oxalnric,  iii.  617,  635 

„  Oxamic,  iiL  a44 

„  Oxyphenic,  iiL  57a 

„  Palmic  (ricinelaidic),  iii.  36a 

„  Palmitic,  iiL  394 

„  Parabanic,  iiL  617,  636 

„  Fanunalaeic  (fumaric),  iii.  335 

„  Faramucic,  iii.  69 

„  Farapectic,  iiL  84 

„  Paratartaric  (lacemic)  iii.  333 

,,  Parathionic,  iii.  144 

„  Parellagic,  iii.  35a 

„  Parellic,  iii.  543 

„  Pectic,  iii.  84 

„  Pectodc,  iii.  85 

„  Pelargonic,  iii.  39^ 

„  PentathioDio,  ii.  37^ 


Acid,  Perchloric  ii.  536 

„  Periodic,  iL  551 

,,  Permanganic,  iL  931 

,,  Phenic  (carbolic),  iii.  568 

,,  Phocenic  (valeric),  iiL  398 

,,  Phusphethylic,  iii.  147 

„  PhoBpho-glyceric,  iii.  378 

,,  Phosphoric,  ii.  596 

,,  Phosphoric,  tribaisic,  iL  598 

,,  Phosphorous,  ii.  60a 

,,  Phospho-vinic,  iiL  147 

,,  Phthalic,  iii.  575 

,,  Physetoleic,  iii.  419 

,,  Picramic,  iii.  57a    • 

,,  Picric  (carbazotic),  iii.  57f 

,,  Pimaric,  iii.  50a 

„  Pimelic,  iii.  4aa 

,,  Pinic,  iiL  50a 

,,  Propionic  (propylic),  iiL  401 

,,  Prossic  (hydrocyanic),  iL  648 

,,  Pulmonic  or  pneumic,  iii.  707 

,,  Purroic  (euxanthio),  iiL  518 

„  Pyrocitric,  iii.  343 

„  Pyrogallic,  iii.  350 

„  Pyrogallic  photographic  lues,  ii.  1 140 

„  Pyroligneous,  iiL  403 

„  Pyromaric,  iii.  50a 
Pyromeoonic,  iii.  344 


Pyromucic,  iii.  60 

■       *        ,ii.  599., 
Pyroracemic  (pyraTio),  iiL  33a 


Pyrophosphoric,  I 


Pyrotartaric,  ib. 
Pyruric,  ib, 
Quadridilorobutyrio,  iii.  401 
Queroitannic,  iii.  345 
Qninotannic,  ib. 
Kacemic  (paratartaric),  iiL  333 
Rhodixouic,  ii.  645 
Ricinelaidic,  iii.  36a 
Ricinolic,  iii.  36a 
Iluberythric,  iiL  511,  note 
Kubiacic,  iii.  53a 
Kufigallio,  iii.  35a 
Rutic  (capric),  iiL  396 
Saccharic,  iii.  68 
Halicylio,  iii.  48a 
Salicyluua,  iii.  470 
8aUcyIurii\  iii.  485 
Bapouic  (esculic),  UL  5U 
SoWio,  iii.  433 
Bctlenic,  ii.  589 
Holenioua,  ii.  589 
8lnai»i«»,  ill.  497i  ••**• 
mMc,  ii.  All 
SiliivtluoH«s  IL  618 

Ht<»ari»>,  III.  ,W* 
Stilbylio  ^Ih^usIUA  UU  4^ 
8lyi»huU\  UL  57* 
SulH^ri^  UL  Atji 
SiuvinAmK\  111,  «4  a 
8u*vl«U\  UL  4«4 
Swl|»hii»>i»lk  lU.  304.  4U 
8ul|»h*U>li*»»  Ui.  4V4 
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^V 

AoU, 

Sdithjunylic,  uL  141 

Acid,  Vnc  (lithic),  ia,  6i« 

^^^^H 

tf 

BulphnnTlic,  iii.  157,  .-^05 

„     tTroxiLiiic,  UL  619,  mMi 

^^^^ 

ft 

Sulph&aiimoiiltv  ii.  9^6 

„     tJsnie,  iii  538 

^^^H 

■   " 

SuIphAntuuoQloiu,  ii.  955 

„     Vftccuuc,  iii,  363 

^^^H 

1   '• 

Sulpharstnic,  ii.  963 

,,     Valeric  iii.  598 

^H 

1 " 

gulfh.  «>'Ui,     -nlphofinio)  Ui  141 
Sulj                     iii,  147 

„     Vaaadk,  ii.  94$ 

„     XaDliiic  (4mi£-8iiliili«tlijtie)«  111,  i  i^ 

^^^H 

■   .. 

8ul[r                 jlpbiudigotic),  ill  530 

Acidi,  Motion  nprmaalMia  aolniioD,  iL  lo^ 

^^^F 

II 

SulplKiUiU^ic,  lii.  304 

,t     amiiUled,  iii.  130,  143 

^^^B 

fi 

SulphoW^ixolie,  ill.  305 

„     aniUdated,  ui.  357 

^^^H 

1} 

Salpluihutyric,  ill.  304 

,^     oomponnd  (ooUigaied)^  iii,  303 

^^^H 

If 

SiilphtKsaprybc,   or  Biilpboctylic,  UL 

,,     dibasic,  ii.  711,  iii.  319 

^^^H 

fig 

,,     general  cbarecien  ai;  L  5,  it.  703 

^^^B 

11 

Snlpboc&rbetbylio,  iii.  $46 

,,     moQobaKic,  ii,  71*,  ill.  318 

^^^P 

ft 

Sttlphocelylic,  iii,  365 

„     nitro,  iiL  306 

^^^B 

»t 

Sulphocyiwiic,  iii.  601 

M     nonicuictatare  of,  ii.  431 

^^H 

ti 

Sulpbov^Jy eerie,  iii.  37S 

„     oleict  aeriett  of,  iii.  417 

^^^B 

ft 

SulpbohAiuathiaoic,  iti.  518 

ij     organic,  action  of  eblorinc 

^^^B 

«> 

Sutpbuk'i^,  iii.  374 

If               (1                «t       ofhCBtOD, 

^^^H 

f  I 

Su»}'l""" '"=^\  iiu  70 

ft          ft           M     andba«!»  uu,  ,.i.  ,;, 

^^^B 

»i 

8u?|                    ,  iii.  146 

„          ,,       tbccrry  of,  iiL  319 

^^^B 

t» 

Sulj-                 li'^  iii*  .^04,  574 

„     oxalic  aerica  of,  iii.  411 

^^^B 

It 

SulpbippuliuiUc,  iii.  374 

,,     polybasic,  ii.  71?,  iii.  319 

^^^B 

t» 

Swlpluipnipionio,  iii.  304 

„     Btearie  or  aoctie  aerica  0^  ia.  3S7 

^^^B 

tt 

Sulpbopurpuric  (Bulpbopheiiiciejj  in. 

„     aulpho,  iii.  304 

^^^B 

53» 

,,     tribasic,  ii.  713 

^^^B 

»* 

Sulpbonific,  iii.  4S6 

Aoonitina,  iii.  190 

^^^B 

** 

Sulpbosftccbftrie,  iii.  59 

Actwlein^  iii,  385 

^^^B 

tt 

SulpboftU-oric,  iii-  374 

Adbeaioa  betwaen  tiqaida,  t  67 

^^^B 

II 

Sulpbwauociiiir,  iii.  4 16 

„        general  chanokn  of,  i.  33*  5^ 

^^^B 

^•1 

Suli^butetrylic,  or  sulpbobutjUc,  iii. 

,f         ita  inflneaoe  on  affiattj,  il.  109A 

^^^B 

177 

t,        iitflttence  of   aoi&ca  00,  L  63, 

^^H 

M 

Stilpbothymylic,  liL  447 

ii,  1096 

^^^B: 

II 

Hulphotritylie,  iii.  141 

„        of  gaaoB  to  liquidii,  i*  77              ^ 

^^^B 

t* 

Sulpbonnic,  iii.  14a 

,,         of  gases  to  fiolida,  t.  78                 H 

^^^B 

It 

Stilphoxypbtmpboric,  U»  607 

AdttJaria,  ii,  830                                          B 

^^^B 

It 

8ulpburic»  ii.  566 

Aeration  of  water,  t.  77                                ■ 

^^^B 

>» 

SulpburouB,  it.  561 

Affinity,  cbemical,  i.  5,  8.  ij,  33                 ■ 

^^^ 

»♦ 

Sulplmruu*.  lique&ctioo  <yfj  ii.  564 

,,       counteracted  by  heat,  u.  1107 

•  f 

Sylvic»  iii.  501 

„       exalted  by  beat,  ii.  1106 

M 

Tannic,  iii.  345 

,,       ita   atupeofiioo   at   low    tempem- 

M 

Tartaric,  iii.  315,  317 

ttirea,  ii.  iro8 

It 

Tartmlic,  iit.  331 

,1       simple  cases  of,  iL  1079 

II 

Tartniinie,  iii,  344 

After-dAmp,  u.  634                               ^^H 

It 

Tjurtrelic,  iii.  331 

Agat«,  ii.  611                                      l^H 

II 

T*rtrethylii%  iii,  147 

AiTf  coinpoeitioa  of^  atdifTereat  places,  u?4jQH 

II 

Taarocbolic,  iii.  705 

,1    dinolved  in  v^Ur,  cumiHJiiiUoD  of,  ii 

>t 

Tellnrie,  ii.  971 

454*  477 

t» 

Tdlarcraa,  ii.  971 

,,    dowuwArd  prt!8«nre  of,  L  43 

tt 

Ten?beiixif,  iii»  443 

ff    g*«g^«»  ftT  oondenaed  gasesi  i.  155 

•  1 

Terfcbic,  iii.  50a 

„    beat  absorbed  daring  xvc^iion  W»  i 

•  * 

Terwbrysic,  iii,  443 

ai4 

>t 

Tert'plithAlie,  iit.  443 

pf   beatdisengagedbyeompireasionQftlsij 

»i 

Terctinic,  iii.  443 

,,    pump,  vitb  aingle  barrel,  i.  38 

»* 

Teiratbioaie,  ii.  578 

1,         with  two  barrelB,  L  38 

»f 

Tkii«etic,  Ui,  4*3 

,,     quantity    dissolred    in    wstar^  hin 

It 

Tbiaformic,  iii.  4I4 

ascertained,  ii.  459 

»i 

Thiotiftphtic,  iii.  574 

„  tbermomcter,  i.  J  70 

M 

Thionaric,  iii.  6^li 

„  weight  of  100  cub.  in.  d;  iL  453 

II 

TitAuic,  ii.  939 

Ataninej  iii.  614                                   ^H 

It 

Toluir,  iii.  475 

Albite,  ii,  830                                      ^^M 

tt 

Tridiloracetic,  iii,  411 

Albnineo,  iiL  651                                 ^^^H 

Trithiunii?,  ii.  577 

AlbuminatcA,  iiL  654                                   ^M 

t» 

Timgstic,  ii.  946 

Albutuiuiud    plates   for  pbot«gmpby,    hS 

tl 

Ulmic,  iii,  95 

1141                                                          ^ 

AMM 

«1  ••li.irarters  nf,  i.  6 

■  iliiKlof  ucutralizaliuii,  ii. 

in-.  iho(l  of  Will  ami  FrvHruiiis, 


v. 

-9 

.  i>r, 

different 

--.  M4 

,  iii,  127 

>  ',  ill.  126 

"t;  i.  233 

■  >,  iii.  119 

'is  ufion,  iii.  140 
1    429 

■..lies of,  iii.  18 
•|i«trtiea  uf,  iii.  118 
,  iii.  431 
iii.  427 
if  autimony,  iii.  17$ 

arHenic,  iii.  219 

mctal.H,  iii.  213 

zinc,  iii.  216 

131 
rulein),  iii.  3R5 
UMcnec    of    bitter   al- 
1  iii'  456 
i.  138 
ic),  iii.  139 

CK»cntial  oil  of  einna- 

il  of  cunimio),  111.  473 
.  1.^8 
c,  iii.  139 
iii.  13** 

if  ruiO,  iii.  139 
.  ».^9 

>»•  '3'      -  ... 
•ojicrtics  of,  111.  1 30 

Iii.  30 

ii.  9B7 

o 


;.:iKT-lyl^,  iii.  221 
.  iii    '40 
;  .■  iiKHiificutiimB  of  cnrlion,  ii.  4R9 
ut"  phMH{ih«iru8,  ii.  ^93 
iif  sulphur,  ii.  560 
■i«I»y,  i.  113 
■      vui,  iii.  633 

■  VIM  till,  iii.  636 
Mli.ys,  /L'rneml  properties  of,  ii.  673 

.,      inferior  to  puro  metulii  an  eleotriral 
conductors,  i.  362 
Allyl,  iii.  493 

,,     bn>nii(le  of,  iii.  495 
,,     chloride  of,  iii.  495 
,,     iodide  of,  iii.  377,  495 
I       ,,     oxide  of,  iii.  494 

,,     Bulphide  of,  iii.  496 
I       ,,     Bulphoeyanide  of,  iii.  497 
I  Allyiio,  iii.  500 
Allylic  aerieM,  iii.  500 
AltjiiHf  extract  of,  iii.  525 
A  loin,  iii.  526 
Alain,  ii.  822 

„      varieticfi  of,  ii.  835 
Alumina,  ii.  818 

,,       acetates  of,  iii.  408 
,,       estimation  of,  ii.  839 
,,       hydrates  of,  ii.  819 
f,  ,,  Holuble,  iii.  409 

,,       phosphates  of,  ii.  826 
,,       silicates  of,  ii.  826 
,,       soluble  form  of,  ii.  820,  iii.  40.) 
„       sulphates  of,  ii.  822 
,,       testa  for,  ii.  838 
Aluniinite,  ii.  826 
Aluminum,  ii.  8 16 

,,  chloride  of,  ii.  820 

,,  fluoride  of,  ii.  822 

Amalgam  for  the  electrioal  mnchinc,  i.  278 
Amalgamation,  cxtnu'tion  of  silwr  by,  ii. 
1036 
, ,  American  process  of,  i  i.  i  o  J ^* 

,,  of  Eiuc,  voltaic  unc  of,  i.  3 1 6 

Anial;;am8,  ii.  674 
Amarine  (benioline),  iii.  2^3 
Anil>er,  iii.  505 
Ambiygonite,  li.  8  26 
Amianthus,  ii.  809 
Amides,  jirojMimticm  of,  iii.  ^3.^ 
„       thoi»ry  of,  iii.  3  34i  ^43 
,,       varieties  of,  ii.  772,  iii.  128,  239 
Amidoj^m,  ii.  51^) 
Ammoiid,  iii.  <i04 
Amnielino,  iii.  (*04 
Ammonia,  ii.  .^M 

,,         action  u|)onmet4illic  Milts, ii.  7F0 

,,         cftr]Hiiiat<»H  of,  ii.  778 

,,         conversion  of  into  nitric   acid, 

ii.  511 
,,        ei»tiu»ati^ii  wf,  ii.  784 
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Alomie  hemlB^  m,  7S4 

Baaea^  action apon  eatta  insolation,  li.  1086           | 
,,     amidogen,  iii.  305 

'                   ,1          of  element*,  Ui,  785 

„          of  compoundii,  iii.  787 

„     aniline  series  of,  iii.  258                               . 

„     theory  of  Dal  too »  I  14,  iiL  757 

,,     from  ammonia,  Lii.  44,  198                         | 

y,     Tolflmc«of(»mpOttiiclga«e«,  iii.  760 

,f        ,,    ammoninm,  iii.  199 

,                     ft                      „           lit]  Mi  da,  iii.  776 

„        „    aniline,  iii.  201,  3S7 

It                      ft           sotida,  iii.  768 

,,         ,,    cinchona,  iii.  ijo 

H               elemenUry    *olidi»     iii. 

11        ti     opiam,  iiL  176 

763                                 1 

„        ,,    pepper,  iii.  186 

vv               gi«ftOQ»  element*,  iii.  759 

„        „    phosphuretted    hydrogen,    HL 

fj            ioJoence    of    Istitaorpltiem 

107                                                  1 

•ad   dimorpkidm  upon, 

„        ,,    Btrychnoa,  iii,  187 

iii,  766 

,,      genemi  nnture  of,  i.  7,  ii.  703 

•1              isEnenoo  of  temp«mti3r«  ' 

,,      irnidrtgeti,  iii.  305 

upon,  iii,  767 

,,      nitrile,  iii.  ib. 

„     veighta,  i.  11 

,,     organic,  claMiiioation  of,  iii.  105 

Atoma,  i.  5,  iii.  758 

„      pyridine  ficnes,  iii.  259                                  ' 

Attwction,  adhesive,  1.  33,  56 

„      pyrrol,  iii.  161 

capillary,  i.  59 

,,     qninoline  aeriea,  liL  i6t                                ' 

H          chemical,  i.  5,  i^,  35 

„     table  of  JLTtifictal,  iii.  106 

„          cohonve,  i.  5.  ^Si  5* 

„     volatile  oily  (natural),  iiL  165 

1,         electrical,  i.  -373 

B*mmu,  iu.  83 

1,          ol  graritatioo,  i.  34 

Be*ta  in  mnsie&l  notes,  L  141 

^          „          magnetic,  i.  164 

BeoqoQfelV  simple  voltaic  circnita,  L  334 

^^                   Tftiiettes  o^  1.  5 

,,          nitric  acid  &nd  |>oteiah  battery, 

^PJAiropU,  iii  190 

L  335,  ii.  1117 
Beea'-wax.  iii.  3^5 

«       Audibility,  limits  of,  i,  210,  noie 

Aagite^  ii.  809 

Betl  metal,  ii.  930 

Aurat««,  ii.  1057 

Benaamide,  iii.  339 

Aurora  borealia,  i.  314 

Benihydramide,  iii.  465 

,,            it«  iutinenoe  on  the  mag-  1 

Beniidam  (aniline),  iii.  355 

oetic  needle^  1.  315 

Benzidine,  iii.  <;68 

Aiiea  of  crystalii,  1.  100 

Benzilam,  iii.  469                                                       ' 

AuaJ  jnagneitc  position,  i,  416 

Beuiile,  iU.  468 

Aiobetiaide,  iii.  567 

„       clilondeof,  uL  469 

Aiobenioyl,  iii.  465 

Beniilimidc,  iii.  ib. 

Aaolhmin,  iii,  539 

Bensimlde,  iii.  460 

Awyt«,  ii.  44O 

Beniine  (beniole),  iii.  564 

Asoxibeiudde,  iii.  567 

Benioate  of  methyl  aaUqyl,  iii.  4S5 

Bemtoatea,  iii.  461 

Balauck,  Its  eaaenlijil  putt,  L  t6 

Benioene  (tolnolo),  iii.  479,  565 

Baldwin  s  phosphonia,  i.  T40 

BcMo-ether,  iii.  467 

Bftbam  of  GaoftdA,  iii.  505 

Ben«o-gIy collates,  iii.  473 

,,        eapiTi,  iii.  16. 

Benzoic  alo^hol,  iii.  466 

„        Peni,  iii  478 

„      hydride  of  beujtoyl,  iii.  459 

„        toltt,  iH.  479 

„      aericti,  iii.  453 

Bwilk,  ii  749 

Beoioicin,  iii.  380 

Bannm,  ii.  785 

Bemoin,  gum,  iiL  460 

,,       chloride  of,  it,  787 

Bensoinam,  Lii.  469 

^m        „       pertjude  of»  U.  786 

iknzuinamide,  iiL  ib. 

^m       „       flilicofiuoride  of,  ii.  787 

Benzuiiie,  iii.  ^67 

^       „       aulphidM  of,  iL  786 

Beiisote  (beuEine),  iii.  564 

Barometer,  i.  44 

Bensoline  (amadne),  iii.  263 

1 „         capiUttfy  depnmkfn  of  mercury 

Beasoloue,  iiL  464 

m                        m,  u  di 

Benzonitranififunide,  liL  493 

^B         ,,         meaiiareme&t    of   heigh  ia    by, 

Benzonitrile,  iii.  339 

^                       LSI 

BcnioidieiioDc,  iii.  565,  »ofe 

B«7t%  ii.  785 

Heu»«tetilbint',  iii    464 

^_       „       carbonate  of,  ii.  788 

lJtuzosul|diupheuylaniide>  iiL  337 

^m      „       e«timfttion  of,  Li.  789,  813 

Benzfttjulphophenylargentamide,  iii.  137 

^B              ]iitnit«  of,  ii.  788 

Benzoyl,  bromide  of,  iiL  459 

^m      ,^       fiilphat«of,  ii.  7S7 

„       chloride  of,  iiL  457 

^m     „       teata  for,  y.  789 

„        cyanide  of,  iii.  459 

H^»7to-cakit«,  ii.  801 

„        itilphide  of,  iii,  458 

^P«HUt,  ii.  830 

Bcnioyl'hclicin,  iii.  489 
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BeDsanidf,  UL  617 

B«rtlionel*t  thmrj  of  ike  efleet  of  nua  on 

mf&nhjt  ii.  1090 
Beryl,  iL  85J 
fi«|ft-ora]t,  iiL  544 

M        I'  70» 

BichJorhys  iljydrin),  iiL  381 

^ichlcriis&Un  ^.JicbL>riBatin),  iii  *,^6 
BichrotuAte  of  potAffa,  a  tource  of  oxjg«ii, 

»'  444 
Biethylin  (dictliylm),  iii.  383 
Bile,  eiflouriiig  matter  of,  iiu  709 
^f     cknTfttivea  of^  tftbte  of^  tit.  709 
,,     ntitiire  of»  til.  701 
,f     of  fiflhefl,  iii.  705 
,1     of  ox,  iii.  701 
„     F«it«»^ofei^a  te«t  Atr^  til.  704 
„     of|Hg,au.  706 
,,     of  ierpejit«,  iii.  705 
BitiAry  calculi,  iii.  708 
BiliverJia,  iii.  709 

BiuAry  oompoundA,  nomeiiclatarG  of^  ii.  430 
„      theory  of  nlU^  11.  704 
„  „  objecUonH  to,  iL  707 

BiAetEyl,  oxide  of,  iii.  9 14 
Biitmutb,  ii.  971 

,,         chloride  of,  Vu  (^74 
,,         eatitQAtioa  of^  ii.  975 
ff         iodide  of»  iL  974 
tf        nitr&tefi  of,  iL  974 
,1         oxides  of,  ii.  973 
,t         tulphide  of,  ii.  974 
,,         t&sU  far,  ii.  975 
Bifiteartn  (dijiteftrts),  ilL  581 
BiBtriethyi,  iii.  114 
BiHucciniiajuid<?,  iii.  141 
Biaiilphidc  of  cArboa,  ii.  586 

„  iu  electro  plating,  use 

of,  iL  1150 
BiBulphitathjd,  iii.  557 
Bitlcr  (ilmondfi,  lix.  454 
BitumcQ,  iii.  97,  581 

,,         of  Judjea,  photogmphic  uses  of, 
ii.  1141 
BitiTrt,  ill.  617 
Btxin,  iiL  517 
Black  &ali,  11.  750 
„     biu)d»  iL  873 
,,     flux,  ilL  319 
„     lead.  ii.  483 
Blanching  i>f  ve^etaUes,  iL  i  [  33 
Blait  fiirtiaoe,  ii.  873 

,,  giuscB  produced  by,  ii,  875 

Bkftolimi  oompouiidfi  of  cblorine,  iL  531 
Bl«&de,  iL  84a 
Blood,  iii*  685 
II     eoaguifttiuQ  of,  iiL  687 
„      oompoution  of,  iii.  689 
i,      coikuri&g  matter  of,  and  effects  of 

gIMM,  kCf  upon,  iii.  693 
,,      oryalAla  from,  iiL  691 
Blvwpipe^  mguUi|  ii.  639 


Blowpip«^  oxybydrogeii|  U*  471 
Bloedye^  til.  5^7 
Bog  ttoa  or«,  iL  873 
Builifig  ptiiDt  of  acida,  iiL  7S0 
„  aleohoU,  iiL  779 

,1  aldehyda,  itL  ih, 

^1  alkaluids  iii.  789 

II  cwoaes  of  it*  Tariatioa,  L  7tf 

,1  of  cetbcn,  iiL  780-81 

,1  likioeiiQeof adhestoo  cKOf  i.  itj 

»i  ,1  pTQBtire  oti«  L  915 

ai  »  solittioiii  on,  L  114 

I,  Kopp*i  law  of,  iiL  778 

„  of     metuneiic     compimadti 

iiL  781 
,,  of  liquid!  tfoder  dmimabed 

presBore,  L  215 
„  table  of|  L  313,  iiL  779i«t«). 

Bole,  iL  839 
Bone,  eompoiLCiite  of,  iii.  676 

,,     ^rth,  iL  804 
Bonicit6,  ii.  S09 
B<itates,  ii.  613 
Bvrax,  iL  756 
Bar  net*  ne,  ILL  451 
Burnet »  camphor,  iii.  t6. 
Borou,  ii.  619 

,,      chloride  of,  iL  633 
,,       fluoride  of,  iL  633 
,,      Eitride  uf,  ti.  634 
„      solphidi}  of,  ii.  633 
Boucherie,  bis  pruceaa  for  pr^enring 

&c.,  iiL  95 
Braiu,  componenU  of,  iii.  685 
Bran,  co£upo§itiun  of,  iii.  1 1 1 
Braudj,  iiL  123 
Brard's  prooeas  for  testuig  baOdiqg 

ii.  804 
Braaa,  11.  983 
Brauuiie,  iL  918 

Braxil  wood,  ciilounng  matter  or^  ui.  5 
Bread,  composition  of,  Iii.  itj 
,,       iu  nutritive  value,  iii.  737 
,,       leavened,  iii.  1 14 
„       lime  water,  um  of,  in,  iiL  s  t^ 
t,       new  and  stale,  iii.  1 16 
„       QJifermented,  iii.  114 
BittEilin,  iii.  535 
Britaa&iii  meUl,  ii.  930 
Britttenesa,  i.  54,  iL  666,  670 
Brocbantito,  ii.  98 9 
Brodie,  experimente  on  catalytic  aeiiona, 

iL  11 04 
Bromal,  iii.  185 
Bromides,  ii.  544,  700 
Bromine,  iL  541 

, ,         chloride  of,  ii.  545 
Bronaphtam,  Ulc,  iiL  577 
Broase^  ii.  930 
Brookit'e,  iL  939 
Brotb,  Liebig's  mode  oS  prepaziag,  iiL  6S4 
Brown  ooal,  iii.  98 
Bmoia,  iiL  388 
Bmnswiek-greoD,  ii.  9S7 
Buddie,  for  iraahlng  oreft,  U.  683 
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CAR 


MUing  stoDes,  ii.  804 
"  experiments  on  the  influence  of 

I  <m  affinity,  ii.  1094 
\  lustre,  ii.  1058 
r,  ill.  363,  695 
„      oftin,ii.  936 
Baljy],  ofateined  bj  electroIjiiB,  ii.  11 20, 
iu.  390 
„     (ttteyl,  or  Talyl),  iu.  195 
Batylene,  or  oil  gaa,  ii.  643,  iii.  190 
BBtjiml,  iii.  138 
BoijimiBide,  iii.  339 
Batjntei,  iii.  400 
Bvigrm (tetrylift),  iiL  lis 
Baljrie  lennentation,  iii.  401 
Batyrone,  iiL  311 
Ba^jTiireide,  iii.  617 

Caoothilikk,  iii.  289 
Cadet's  fuming  liquor,  iii.  121 
CSadminm,  ii.  851 
Caffeine  (iheine),  iii.  191 
Caffeomurexid,  iii.  393 
Cigniard  de  Latour,  experiments  on  con- 
densed Tapours,  L  156 
Calamine,  ii.  850 
Gale  spar,  rings  of  colour  in  polarixed  light, 

i.  156 
Oaloareous  waters,  purification  of^  ii.  803 
Caloedony,  ii.  61 1 
Galdnm,  ii.  791 

„        chloride  of,  11.  799 
„        fluoride  of,  ii.  799 
,,        phosphide  of,  ii.  798 
,,        sulphides  of,  ii.  797 
Calculi,  biliary,  iii.  708 
„       urinary,  iii.  715 
Calico  printing,  iii.  548 
Calomel,  ii.  1015 
Calorific  equivalents,  iii.  789,  803 

„  „  indirect    method    of 

estimating,  iii.  797 
Calorimeter,  water,  of  Favre,  iii.  79a 

,,         mercurial,  iii.  799 
CalotjTpe  process,  ii.  1 1 36 
Camphene,  iii.  441 
Camphilene,  iiL  441 
Camphine,  iii.  439 
Camphogens,  iii.  437 
Camphor,  Borneo,  iii.  451 
„       cubebs,  iii.  445 
„       lavender,  iii.  449,  451 
„       laurel,  iii.  449 
,,       matricaria,  449 
11       peppennint,  447 
,,       turpentine,  44a 
Camphors,  artificial,  iii.  437>  44  < 
Camphorimide,  iii.  331 
Candle  flame,  structure  of,  ii.  638 
Candles,  stearic,  preparation  of,  iii.  373 
Cannel  coal,  iii.  98 
Canton  8  phoKphorus^  i.  14*^  ii.  797 
(Houtchene,  iiL  507 
Caoutchine,  iii.  SOJ^ 
OMuichonc,  Iii*  5^ 


Caoutchouc  of  oils,  iii.  360 

,,  its  faculty  of  adhesion,  L  57 

Capillary  action,  i.  59 

„       depression  of  mercury,  L  61 
, ,       tubes,  flow  of  liquids  through,  L  74 
Caproyl  (bexyl),  iii.  196 
Caproylene  (hexylene),  iii.  191 
Capryleue  (octylene),  iii.  191 
Caprylia  (octylia,  caprylamine),  iii.  212 
Capsicine,  iii.  286 
Caramel,  iii.  57 

,,        sp.  gr.  of  solutions  of,  iii.  109 
Carbamide,  ii.  541,  iii.  173,  609 
Carbazotates,  iii.  ,^72 
Carbon,  antiseptic  property  of,  ii.  487 
,,       averago  amount  expired  daily  by 

man,  iii.  748 
,,      bisulphide  of,  ii.  586 
,,      chlorides  uf,  ii.  540 
,,      its  extraction  from  carbonic  acid, 

ii.  479 
,,      vegetables,  the  great  storehouse  of, 
ii.  481 
Carbonates,  atomic  volumes  of,  iii.  772 

,,  general  pro])erties  uf,  iL  480 

Carbonic  acid  and  ether,  application  of,  to 
the  production  of  intense 
cold,  i.  253 
, ,  apparatus  of  Liebig  for  deter- 

mining, ii.  455 
„  average    daily    produce    in 

man,  iii.  750 
, ,  decomposed  by  growing  plants, 

iL  481,  ii33f  iii-  7^6 
,,  extinction  of  coal  mines  by, 

ii.  479 
,,  its  importance  as  a  natuml 

solvent,  iL  475 
,,  liquefaction  of,  L  252,  ii.  474 

,,  more     produced  proportinn- 

ately  by  small  than  lar^'e 
animals,  iii.  753 
,y  precautions  for  breathing  in 

an  atmosphere  containing 
it,  ii.  479 
II  preparation  of,  ii.  473 

»i  present  in  the  air,  ii*  473 

i»  properties  of,  ii.  474       , 

„  quanUty  of,   in  atmosphere, 

ii.  455         ^ 
,,  sources  of,  iL  47^ 

,,  synthesis  of»  ii.  488 

whence    derived     in    "pnng 
watery  ii.  47<>, 
Carbonic  oxide^  ppe|>anition  and  properties 
of,  ii.  490   .    ^ 
,,  iu  production  in  furnaces, 

Carburets  or  carbides,  ii.  487,  70a 

Carbylo,  sulphate  of,  iii.  J  45 

Carmidine,  iii.  5^0 

Osnnine,  iii.  534 

Carthamiu,  iii.  5>4 

CartilaKV",  iii.  (*^i 

Csrveuo,  iii.  444 


^^^1                                                                        ^^1 

^H       Om^  iii  445 

ChitiB,  iH.  660                                 ^^H 

^^^B            CanropliilUn,  iii.  445 

^^^1             Cu«hardcuif}^,  ii.  889 

ChbifBi,  ilL  18s                                 ^^H 

^^^H            GMeio,  uL  56  f 

Cbloranile  (pereMifddnane),  is.  IM^^I 

^^^1             Cbaeoai  uxide  (leocttuX  ^u.  (95 

Ghloramliiid,  ii.  4I,  t$j                          ^H 

^^^H             Obil  Iron,  ii.  879 

li.'44%  5J?        ]■ 

^^H                               maUeftbU,  ii.  881 

^^^H              GMlor  (jil,  uL  361^  413 

^^^1             OkUlyma^  ii  1099 

hytmitmmHkmm^ 

^^^H                              Uebig's  theoT7  of,  ii.  1 100 

tie«xldavii.44jLifM_i 

^^^H                             Mercer^B  theofj  of,  ii.  1  rot 

Chlorates,  ii.  535                               ^^^^ 

^^H            Cfttcchm,  iil.  54d 

Cblorbydrin,  iiL  383                            ^^^^| 

^^^^^K     f*»t«ciia,  iii«  54S 

GkkxrbydramanDite,  tiL  jgs               ^^H 

^^^^^H    r^rireC  »i- 

Chlorides,  atamie  ^tihnM  0^  m.  n«  l^H 

^^^^^H     C^UnloBe,  iii.  85 

,,      estimaOoiiofeiiloraaia^&C^V 

^^V           C«meiiUtion  of  steel,  ii,  885 

„       fonnalion  of,  fi.  698                          ' 

^^^H            Ccmenta^  i.  58^  11.  793,  801 
^^B                          different  forma  of;  i.  5S 

510. 697                       -^m 

^^^H                         prindfile  of  ikmt  ufe,  i.  t& 

Ghlorimetry,  ii.  533                                    ^H 

^^^H            Cere&e,  111.  367 

Chlorinated  &tiyadd%  m.  389         ^^H 

^^^B             Cenie,  ii.  843 

Cblurindin,  iit  53S                              ^^^^H 

^^^H            Geriom,  ii.  $43 

Chlorine,  estimation  of,  it.  6j^          ^^^1 

^^^B           Cerolcdn,  iil.  365 

oxides  0^  iL  519                ^^^H 

^^H           GerotiD,  nl  366 

peroxidsdf,  IL  537             ^^^M 

^^^1            Cetene  (cetyleae),  iii  564 

propertiei  of,  ii.  517                   ^H 

^^^1            Cetiii,  iii.  364 

„         lubaliiationa  forbydrpeoi,  E.  6j^H 

^^^B            CliAlcoUte,  ii.  867 

41                                     V 

^^^1            Charco&l,  iL  486 

,t         use  in  bleaching,  a.  518,  539    ^M 

^^^H                    , ,       its  power  of  absorfnng  gsaes,  i.  79 

Cblorisatin,  iii.  536                                     ^H 

^^^H                           Buifiice  icttons  of,  L  64,  IL  488 

Cbbhte,  ii.  831                                         ^H 

^H        Cb««e,  iii:  663 

Cblorobcniole  (hydride  of  chlorobessoylXu^H 

^^^H                          frum  peai  aiid  beMii,  liL  664 

^M 

^^^H            Chemical  action ,  ntteods  Tottoie  aeiion,  i.  3  33 

Chlontdiuioae,  iii.  a  76                               ^H 
Chloroform,  iU.  [80                              ^^^H 

^^^H                           aflinitj,  ft  very  powerful  force,  i.  8 

^^H^                                       its  nalure,  i.  5,  11,  33 

Cbbrooitric  gas,  iL  516                       ^^^^H 

^^^^^^^                                  exerted    witliiii    minate 

Cbloronilrooi  gai,  ii.  518                     ^^^^H 

^^^^^H                                      distances  only,  i.  8 

Chlorophyll,  iii.  545   ^                         ^^^^| 

^^^^^H                                  ite  inbecutj  definite,  J.  9 

Chloroulicin,  iii.  487                           ^^^^| 

Choookte,  iii.  298                                ^^^H 

^^^H                                     bodies, 

Choke  damp,  ii.  478                              ^^^H 

^^^^^^V                                 prodooee  ebftnge  in  pro- 

Cholcpyrrhin  {We  pigment},  iii.  709    ^^^B 

^^^^^H                                     perties  of  oomponndt, 

CholesterilLD,  iii.  708                                  ^H 

^^^^^H                                        9» 

Cholesterin,  iii.  707                                     ^H 

^^^^^^B                               Turittf  between  differeDi 

Cholestrophan  (tatrotheiiie),  lit  193           ^H 

^^^^^^f                                    etemeniB,  1.  9 

Chondrin,  iii  667                                        ^H 

^                          ftnalysiA,  it«  object,  i.  5 

Chromates,  11.  91 1                                         ^H 

^^^H                                          qualitAtire  ftad  qiuuiti- 

atomic  Tolomes  of;  iiL  771      ^H 

^^^^^                                                      5 

Chrome  alum,  ii  9t 5                          j^^^H 

^^^^^^m                  cDiubinAtiun,  «potitaxieotu  or  not. 

yellow,  ii.  913                          ^^^^M 

^^^V 

Chromicya&idea,  iii.  59S                     ^^^H 

^^^^V                          e^inivalente,  1.  to 

^^^^^^                                       uf  demeDU,  data  for 

Chromium,  ii.  908                              ^^^^B 

chlorides  of;  iL  913           ^^^H 

^^^H                                       fixing,    iL    ti53« 

„          esttmation  of,  ii.  916               ^^B 

^^^H                                                         €$m>q. 

fluoride  of,  ii.  91 4                     ^H 

^^^^^H                                    of  eleiueiit«t  table  of, 

nitrate  of,  ii.  916              ^^^^B 

^^^^^1 

nitride  of,  iL  915              ^^^^B 

^^^^^^B                     nomenclature,  ii.  419 

oxides  of,  iL  909               ^^^^^B 

^^^V                           and  phyiical  propertiei,  i.  1 

Bulphatea  of,  iL  915          ^^^^B 

^^^H            Cbcmiatry,  inurganic,  iii.  4 

sulphide  of,  ii.  013           ^^^^B 

^^^B                               ita  object,  i. 

tests  for,  ii.  916               ^^^H 

^^^H                              organic^  iii.  4 

Chryseiie,  iiL  55a                                 ^^^H 

^^^H                               pfayaiologicaJ,  ilL  t 

Chryiwberyl,  u.  840                              ^^^H 

^^^H           Ch  easy  lite,  ii.  990 

Chrysolite,  u.  809                                ^^^M 

^^^B           Cbinf«e  porcelain,  compoaitloti  of,  ii.  831 

ChryBorhamuin,  iii.  5 1 7                      ^^^^H 

^^^B                          wax,  iii.  366 

Chrysotype,  ii.  1)43                           ^^^^B 

^^^^                                                                                    COP                     ^^^^^H 

■otfo,  Hi.  693 

Cold,  a  negntivo  property,  L  164                            ^^^H 

H&MS  iii-  74  > 

,.     produced  by  electric  current,  i.  410                    ^^H 

HDBaiona,  h^aem  of,  ilL  170 

„     produtrUon  of  intense  degrees  of,  L                 ^H 

HCL&ehoDio,  liL  371 

^H 

H  Cinclionieine,  ui»  171 

Collateral  defies,  iii.  37                                                ^M 

H  Cinchi>Qidmer  itt.  371 

Collidine,  iu.  359                                                          ^M 

■  Cincbuvatim  (aridae),  HL  176 

Ccllodioo,  different  Tarieties  of,  IiL  90                        ^H 

"  Cini»bart  ii.  10 14 

„        preparaMon  of,  for  photography,          ^^^^1 

Qniuunfli  chloride  of^  ill.  477 

^^H 

H         hydride  of,  iU*  475 

Cblophene.  iii.  440                                                 ^^^^1 

Ciiiiiliydramide,  iii.  476 

Colophony,  iii.  501                                                     ^^^^H 

Citmtes,  iii.  340 

Colo  or,  I  n  H  ueuce  of,  on  pb  otography ,  it.  1 1 49          ^^^^| 

^t       peculiarity  when  anhjdm as,  34! 

Coltiored  rings  in  polamed  light,  L  155                ^^^^H 

Clark,  Dr.  T.,  hit  process  of  punf^iDg  ehalk 

teeta  for  acids,  L  6.  ii.  710                      ^^^^H 

wateri,  il  803 

Colouring  matter  of  the  blood,  iii.  690                  ^^^^H 

Clay,  ii.  817 

matters,  iii.                                             ^^^^H 

Clay  ironstone,  il.  871 

adjective,  iu.  546                    ^^^H 

CleaTage  of  crystala,  i.  95                               ' 

substantive,  iii.  546                ^^^^^1 

Cod,  XL  484,  iii-  97 

Colours,  complementary,  Li 34                             ^^^^| 

^^^K  eomptDisition  of,  iii.  too 

irtdtfsceut.  L  144                                     ^^^^| 

^^Hp  gas,  how  biinit  without  smoke,  iL  ($35 

Kewton*s  theory  of,  i.  134                       ^^^H 

^^^^      ,,    aoalysiM  of,  ii.  66 1 

of  thin  pUte«,  theory  of,  L  145              ^^^^H 

M      „      M    manufactiare  of,  iii.  557 

Colambium  (tantEiluni),  iL  941                               ^^^^H 

■  „    naphtha,  ill  561 

■  n    origin  of.  iii.  97 

Combimng  yolame,  aid  in  fixing  the  ohe-           ^^^^H 

mical  equivalent,  ii.  1 1 53           ^^^H 

■     H    produ«^t«  of  diatillaiioD,  iii.  555 

of  a  gas,  ii.  465                             ^^H 

■      ,,    vaneties  of,  iU.  97 

Combustion,  products    of,     variable    with           ^^^^1 

■  Cbftl-tar,  ill.  561 

the  temperature,  ii.  1107              ^^^^| 

™   Cobalt,  ii.  853 

nature  of.  ii.  444                                ^^^B 

,.       aoiematc  of,  ii.  859 

„          not  attended  by  destruction  of                  ^H 

„      arBonide  of,  ii.  854 

matter.  L  ti.  ii.  445                          ^M 

H        ,,       bosea  will)  ammatua,  ii.  857 

f,          smouldering,  ii.  635                                ^H 
spontaneous,  U.  446                                 ^H 

H        yy      bloom,  ii.  859 

■        ,,       bright  white,  ii,  854 

CombuAtihles,   and  supporten  of  combus-                  ^H 

■        ,,      carbooates  of,  iL  S59 

tion,  ii.  447,  473                                                        ^M 

"         „      chloride  of.  ii,  859 

Compssa,  Mariner's,  L  364                                     ^^^^M 

„      eatimatiou  of.  ii.  861 

Compuisitian,  dyers*,  ii.  936                                      ^^^^H 

„      gbmce,  ii.  854 

Compound  radicles,  theory  of,  iii.  34                     ^^^^H 

,,      nilrate  of,  iL  859 

CooipresalLiility  of  liquids,  i.  34                                    ^^H 
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Btbers,  action  of  chJonne  on,  iii.  46,  1 79 

„        compound,  action  of  cbloiine  on, 
iii.  iSi 

#,  „         allylic,  iii,  494 

,«  I,         amylic,  iiL  178,  179 

„  ,1         boiling  pciints    of,   iii, 

780—782 

M  tt         bntylio,  iiia  17S,  179 

,1  ,,         caprylic,  iii.  179 

„  „         etbylic,  iii.  163,  ft  iitq. 

M  ft         njethylic,  iii,  177,  178 

M  n         octylic,  iii.  179 

I,  t,         percliloria8t«d,  iii.  181 

„  ,,  tetrylic,  «6. 

„        homology  of,  iii.  38,  39 
Sthiopa  mineral,  ii,  1014 
EtU^lf  lit.  194 

,,      bisnlphide  of,  iii.  165 

I,      cbloride  and  bromide  o^  iii.  163 

,1       cyanide  of,  iii.  j66 

I,       componnda  of,  («ee  Etbera) 

II       iodide  of,  iii,  164 

„       oxide  of^  iii,  155 

I,      seleuide  of,  iii.  t66 

, ,      ielluride  of,  16. 
Ktbyl-acetamide,  iii,  138 
Etbyl-amjl,  iii,  194 
Etbyl&tea,  iii,  149 
Btbyl'ConiA,  iii.  366 
Btbyl'diaoetamide,  iiL  13S 
Ethyleiio  (olefiani  gas),  iL  617,  iiL  190 
Ethylta  (ethylatsine),  iii.  45,  a  10 
EthyJ-inutbyl  urea,  iii.  616 
Ethyl -narco line,  iii.  277 
Ethyl-tetryl,  iii.  196 
£thy]-nj«a,  iiL  6t6 
Euctiljn,  iii.  67,  72 
Euehlurine,  ii.  539 
Eudiometer,  CaTcndiah^s,  ii.  467 

„  Urc'a.  ii.  4^ 

Eupion,  iii.  55  a 
Kuxanthone,  iii.  518 
Evaporation,  i,  140 

,1  electric  relatione  of,  u  309 

„  from  the  sorlboe  oiily,  i,  144 

„  inflaeJEwe  of  proaaure  npoo, 

i.  144 
11  limit  of,  L  143 

,1  ita  tDetoorologioat  importAiiotf 
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^^^H                 roidoi  state,  t  161 
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,,      saline  component*  of,  iii.  740           j^H 
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Force,  definite  quantity  of,  i.  424              ^H 
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Fowler's  solution  of  arsenic,  iL  961           ^^ 
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^^^H               Fcr  uligiste,  11.  B71,  893                                  ' 
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^^H               Fibroin  tallk),  iii.  680 
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Furfurine,  ib.                                      ^^^^^M 
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^^H             Firo-cUy,  ii.  817 
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^^H             Fire-damp,  ii.  479f  ^U 
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^^^1                  ,,     oila,  general  properties  of,  iiL  354 
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^^H            1138,1140 

„       revorberatory,  ii.  684,  978        ^H 
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„       salt  cake,  11.748                   ^^M 

^^^^B             B07 
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^^H 
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^^1 
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^^1 
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„     coloured,  ii.  76$ 
„     crown,  ii  76a 
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„     dovitrified,  ii.  763 

^  Galimte,  ii,  819 

,,     disintegration  of,  ii.  768 

^^^^1 

QjUeoa,  ii.  1001 

„     expansion  of,  by  heat,  i  166, 

^H 

QallAte«.  ill.  350 

,,     flint,  ii  764 

^H 

GslUc  acid,  iU  use  in  photography,  ii.  1 137 

„     gall,  ii.  761 

Gall  nat,  iii.  346 

,,     general  propertiea  of,  ii  759 
„     object  of  annealing,  ii.  769 

^^^^t 

Gallstones,  iii.  708 

^^^^M 

OaUotannatea,  th. 

„     optical,  ii.  765 

^^^^1 

Galvanism,  ita  origin,  i.  315 

„     plate,  ii  761 

^^^^^ 

Galvanized  iron,  ii.  848 

„     ioluble,  ii.  758 

^^^^M 

GjjTanometer,  1.  319 

,,     table  of  different  variotics,  ii. 

^H 

„             differential,  i*  360 

,,     window,  ii.  762 

^^M 
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Glaiiberite,  ii.  747 
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Olatiber'H  salt,  ii   746 

^^^^K 

Garnet,  ii,  831 

Glaze,  fur  iron  poU,  ii  768 

^^^^1 

G«woiiB  diffusion,  Dalton^e  theory  of,  1.  89 

Ghiziog  of  earthenware,  ii  836 

^^^^K 

Oases,  analogy  with  vapc^ura,  i,  56,  15  r 

Globulin,  iii.  657,  691 

^^^^K 

,1      inalytiL^al  clasfiifieation  of,   ii.  657 

Qlucina,  fialta  of,  ii,  840 

^^^^K 

p,      comhitialion  under  the  influence  of 

Glucinum,  11.  S^g 

^^^^1 

plfitinum,  ii.   1098 

OlucoB*?,  iii  58 

^^^^1 

,,      conducting  power  for  electricity,  i. 

OluooBjdea,  iii.  511 

^^^^H 

3*56 

Glue,  iii.  667 

^^^^H 

,,      correction  of,  for  preaanre,  i.  48 

Gluten,  iii  111 

^^^^H 

„      correction  of,  for  temperature,  i.  180 

Glutin,  iii  ri3 

^^^^U 

„      desipcation  of,  i.  80 

Glyceramine,  iii.  383 

^^^^H 

„      eooUng  effect  on  wire  oonT^ing  vol- 

Glyceric ether,  iii  383 

^^^^H 

taic  current,  i.  363                         i 

Qlyceriden,  iii.  379 
Glycerin,  iii.  376 

^^^^H 

,,      diamagnetmn  of,  i.  419 

^^1 

,,      eipauBion  of,  by  heat,  i.  169 

„        ethyUc,  iii  433 

^^^^1 

,,       how  dtBlinguiahed  from  each  other, 

„        theory  of  ita  nature,  iii.  383,  434           ^^^H 

ii  657,  €t  s€q. 

„        artificial  oombinationa  of, 

iii.  380            ^^^M 

,,      magnetiEm  of,  L  430 

Glycocin©  (gtycocoll),  iii,  623 

^^^^^H 

„      paaaa^  tlirough  diaphmgrni,  i.  88 

Glycol,  iii  431 

^^^^H 

„      redodbk  to  liquids,  table  of,  i»  -25 7 

Glyt-yl  and  Glyceryl,  iii.  383 

^^^^K 

„      refractive  powers  (if,  I  129 

Glycyrrhiain,  iii.  71 

^^^^1 

„      BoUdifiable,  Ubleof,  i.  757 

Gijeisa,  ii  830 

^^^^1 

,,      which  hare  not  been  liquefied,  L 

Gobi,  alloys  of,  ii.  1053 

^^^^1 

^59 

„   amalgamiof,  ii.'io53 

^^M 

Gaihnlder,  i.  47 

„    as«ay  of,  ii  1054 

^^M 

Gai  voltaic  bnttery,  i,  336 

,,    bromide  of,  ii.  1059 

^^M 

Gaatric  juice,  iii.  698 

„    chlorides  of,  ii.  1058 

^^^^M 

Gaugea  for  estimating  preaaure  of  eondenied 

,,    cyanide  of,  iii.  587 

^^^^H 

gaaes,  I  355 

,,    estimation  of,  ii.  1060 

^^^^^H 

Gaultberilene,  iii,  485 

„    fine,  preparation  of,  ii  I051 

^^^^H 

Gaurtbcrates,  iii.  4S4 

„    fulminating,  ii,  1057 

^^^^H 

m    ^y  LaBait«,  ii.  Soi 

,,    iodidea  of,  ii  1050 
„    QiudoB  of,  ii,  1050 

^^^^H 

H    Gein,  iii.  94 

^^^^H 

H    Gelaiig<;ni>ua  tisauM,  iii.  664 

,1    unlphidei  of,  ii  1057 

^^^^H 

H    Giilatin,  iii.  665 

,,    teatfl  for,  ii  J059 

^^^^1 

H   Gems,  iniitationa  of,  ii.  766 

Goniometer,  hy  application,  i  97 

^^^^H 

'        Gerhardt's  dasaification  of  bodies  acocuding 

,,          WoUaston'B  reflecting,  ] 

^^^^1 

to  chemical  functiona,  iii.  816 

Goulard*  B  extract  of  lead,  iii.  410 

^^^^H 

,,         notation,  ii.  1161 

Gramme,  i.  16,  iii  809 

^^^^H 

„         Iheory  of  urgani«  adds,  liL  319 

Granite,  ii  830 

^^^^H 

^   GcTfnan  stlrer,  ii,  S64 

Grape  sugar,  iii  58 

^^^^H 
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QukecM,  iiL  504 
GouMiun,  iiL  501      _ 
Gitaiaei^l,  hydride  of,  m.  504 
Gsftaine,  in.  645 
QvAoo,  UL  679 
QtULnwa,  iii  191 
(J  olf  Stream,  L  196 
Gaju,  tiL  85 

,,     Briti3J>,  ill.  75 
Gom-resinft,  iiL  505 
GtiaHMiloa,  iiL  87 
Oim-metelf  ii.  930 
Oviipowdsr,  iL  755 
Gotta  pcfdu,  iiL  509 
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ffff^ntm  {1ue]UBloitii)i  UL  690 
Hsmatite,  iL  871^  894 
HffmntoidiD,  iii.  691 
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„         aeale  of,  L  53 
Hju-m&linef  iii.  190 
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Hart«hora,  iL  51  f^  777 
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And  radiation  L  199 

„     convection  of,  L  191 

,,     diminution  of,  by  rarefaction,  i,  113 

y,     of   etectnc!   discLarge   inversely    as 

the  conducting  power   for  (n\xml 

ftujountftuf  electricity,  i.  301,  361 

,»     evolution  of,   by  oompreiMiion,  j.  ^13 

^ ,     evolved  during  cnmbiiuition  with  chlo- 

riiie,  br^minij,  and  i4>dine,  liL  794 
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,,    latent^  L  116 
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,,    pokrinfcioa  of;  L  1  r  r 

,«    prodoioed  by  moiate&ing,  L  163 
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,,    radiation  of,  L  197,  in  Taeoo,  L  10| 

„    refleetioo  cC  L  197 

„    refraciioD  o^  L  308 

„    wonrcm  of,  i,  163 
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jf    ima|iiat  distiibutioxi  0^  in  ih« 
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L  126 
Hdido,  iii.  487 
HeUoolditi,  iii.  488 
fidtx,  a  magnet  whilst  ooaveyiog  an 
current,  i.  384 

,,     dectro-magnetie,  i.  381 
Hemming's  oxy hydrogen  je**  iL  4f  t,  635 
Henry's  ooila,  L  400 
Heplylene  (cenanthylene),  uL  191 
HeteirologoiLi  Berie%  iii.  ay 
HeTodofE,  lit.  507 
Hcxyl  (capixiyl)i  iiL  196 
HexylenCy  iiL  igi 
High  praaiiit«  ateam  boUer,  L  137 
Hippuratea,  iii.  471 
Hctmologoua  aeriea,  iii.  ?6 
Honey,  iiL  58 
Horn,  iii.  678 
Hornblende,  ii.  809 
Hot-blaat  in  irou  Hmelting,  ii-  877 
Hot  water  drying-closet,  L  221 
HumuB,  iii.  94 
Hyacinth,  ii.  841 
Hydracida,  iL  703 
Hydramidea,  iii.  733 
Hydrargothyl,  oxidEo  oi;  iii.  IJ4 
Hydnu-gobensacuide,  iii*  339 
Hy drfttesi,  iL  458 
Hydraulic  limes,  ii.  795 
Hydride  of  amy  I,  lit.  198 
,,         anitiyl^  jti«  49} 
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icf  dimamy],  iiL  475 
^        cumyl,  iii.  473 
'"''    f,        cjanMobeiitoyl,  iiL  465 

ff        ajjanobensoyl   (bencimide)i    iii. 

460 
„         ttiiyl,  iu.  197 
^         metliyl,  iii.  197 
„         MOicjl,  iii  479 
••         tetrjl,  iii.  198 
I  of  the  metali,  iL  702 
>  iit  533 

,  iiL  464 
I  of  the  alooholfl,  iii.  188 
,,  homologoiw  with  marsh  gto, 

iiL  196 
f,  homologoiw  with  olefiant  gas, 

iiL  188 
HfiltuUorie  aoid,  action  on  metallic  oxides, 
ii.  5^5 
y,  solntion  of,  table  of  den- 

sities, ii.  514 
Qfdfoofaiiate  of  hydride  of  bensoyl,  iii. 

460 
BSfdroejiiiatea  of  metallic  chlorides,   iii. 

58a 
Hydxo-eleetric  machine,  L  310 
Hjdrofen,  ii.  465 

„        binoxide  of,  ii.  624 

y,        light  carbaretted,  ii.  633 

,,        musical    sounds    produced    by 

burning  jet  of^  iL  469 
„        persolphide  of,  ii.  585 
„        preparation  of,,  ii.  464 
Hydxofcinone,  iiL  353 

„  green,  iu.  353 

Hydrometer,  L  31 

„  Baam6's,  tables  0^  iii.  807 

„  Twaddell's,      „       iii.  808 

Bjdronilphates,  ii.  583 
Hydmrots,  {tee  Hydrides) 
Byodyslysin,  iii.  706 
Hjoseyamns,  iii.  370 
Qygrometer,  Danieirs,  L  248 
,,  wet  bulb,  i.  350 

Hypochlorites,  ii.  530 
Hypophosphites,  ii.  603 
Hyposulphates,  ii.  577 
Hyposulphites,  ii.  576 
Hypoxanthin,  iii.  643 

loi^  specific  grayity  of,  i.  94 

„  heat  of,  L  315 

Iceland  spar,  ii.  801 

„  double  refraction  of,  L  147 

Icthin,  iii.  658 
Identity  of  machine  and  Yoltaic  electricity, 

i..  374,  378 
Igasnrine,  iii.  289 
Ilmenium,  ii.  941 
Imabenzile,  iii.  469 
Imasatin,  &c.,  iii.  536 
Imides,  iiL  331 
Inactire  aspartic  add,  iiL  339 

„       malic  add,  iiL  337 

,,       tartaric  acid,  iiL  334 


Indian  fire,  ii.  963 
Indican,  iiL  528 
Indigo,  iii.  519 

,,      condition  of,  in  plant,  iii.  518 
„      blue,  iii.  529 
„      brown,  iii.  519 
„      red,  iii.  529 
,,      white,  iii.  531 
Indigogen,  iii.  531 
Indigotin  (Indigo  blue),  iii.  519 
Indin,  iii.  537 
Induction,  electric,  L  280 
„        magnetic,  i.  165 
,,        voltaic,  L  330,  359 
Induced  electric  currents,  i.  397 
Indyl,  iii.  527 
Ink,  printer's,  iiL  360 
,,     writing,  black,  iii.  347 

„         blue,  iu.  593 
Inosite,  iii.  72,  683 
Intensity  of  electridty,  i.  284  ^ 
Interference  of  light,  producUon  of  dark- 
ness by,  L  143 
,j  ,,  production  of  colour 

by,  L  144 
,,  undulations,  L  14a 

Inulin,  iii.  84 
lodates,  iL  550 
lodhydrin,  iiL  381 
Iodides,  ii.  549,  700 
Iodine,  ii.  545 
,,      chlorides  of,  ii.  551 
,,      estimation  of,  ii.  701,  988 
,,      LugoPs  solution  of^  ii.  547 
„      tests  for,  ii.  547 
Iodoform,  iii.  188 

Ions,  unequal  transfer  of  during  electro- 
lysis, ii.  1 1 15 
„      voltaic,  L  370 
Iridiocyanides,  iii.  600 
Iridium,  ii.  1077 

„       salts  of,  ii.  1078 
Iron,  alloys  of,  ii.  89  a 
„    alum,  ii.  901 
,,    analysis  of,  ii.  po6 
,,    annual  production  of,  iL  879,  %ot€ 
,,    bar,  iL  890 
,,    carbonate  of,  ii.  901 
„    cast,  u.  879 

, ,   change  in  structure  of  by  yioration,  i.  95 
,,    chlorides  of,  iL  898 
,,    cold  short,  u.  884 
,,    cyanides  of^  iiL  588 
,,    estimation  o^  ii.  904 
,,    hot  short,  ii.  896 
,,    iodides  of,  ii.  899 
„    magnetism  destroyed  by  red  heat,  L 

169 
„    mixed  oxides,  estimation  oS,  iL  905 
,,    ores  of,  ii.  870 
„    oxides  of,  iL  893 
,,    passive  condition  of,  ii.  891 
,,    phosphates  of,  ii.  903 
„    presence  of;  in  the  blood,  iiL  690 
„    pure,  preparation  0^  ii.  889 


MG 


hiitii^  fti«y»ott  of,  iL  71S 
tftlA»of,  L  tio 

^,       ^olde  And  otber  compounds  of^ 

Sfefv.  Ibr  magnets,  lue  of,  L  16^ 

ItaaNB  mineral,  ii.  95^^ 
btoti  or  Bc^totiei^  ill.  310 
MSk»  ioUy  8liit«)|  il  976 
nma^iil.  353 
Wm^i  yellow,  ti.  963 
SSms  jii.  348 

,,^       produeiioo  of,  from  coffee,  iii.  195 
KoluBoor,  the  cutting  of,  n.  48:1,  note 
lEi^V  Uw  of  nti^mic  voJnme,  iii-  774 

,,  boiling  poieita,  iii*  779 

KreMote,  iii.  553 
Kmtine,  iii,  618 
KriAiiutne,  iii.  61S,  620 
KupfertiickeU  ii.  S64 
KyMhoi  ^aniline),  iii.  155 
£)%li*B  prooess  fur  preaerring  wood,  Iii,  95 

LABIlADORTTBfii.  830 

Lttc  dye,  iii*  535 

Lac  re&ia,  iii.  504 

Lac  sulphurifi,  ii.  5S5 

Lacquer,  iii,  505 

Lftctatnide,  iii,  313 

lAotaioM,  ih, 

]^u;iirie,  1*6. 

Lactin  (bictoee),  iii.  67 

lrfM?toac,  iii«  313 

Uike^  of  colouring  matter,  iL  Sioyiil.  516 

lAtupliliM^k,  ii.  486 

l^il  and  SM  broeiea,  i.  106 

^ne'a  «?l«!Mitr*iin*»tx.r,  i.  196 


BhHi;.L  i€t.  iti 

if  4MB.  L  mn 
^^9HBvLtjc» 

itt«V  ii*  1136 

Uw«f  Vol«MBlf^«^  L  «t 

Laxtiltte,  ii  S]6 
Uad,  it  993 

,,     aoetat«»  <£,  EL  40^ 

„     action  of  air  aad  wBier  ^  j 

,,     allojBof,  iL  999 

,,     auomalooff  fsjmamm  «£,  L 

,,     borate  of,  iL  Joo;5 

„     carbonate  of,  iL  roo6 

,,     ddoridefi  of,  ii.  looj 

,,     ehloroeulphide  uf,  i, 

„     chromate  of,  ii«  912 

„     cyanide  of,  iiL  58S 

T,     denlvefiiig  of,  ii,  994 

,,     estimation  of,  ii.  looS 

,,     flttoride  of,  ii,  1004 

,,     iodides  of,  ii.  J003 

,,     niLratea  of^  ii.  1004 

,,      nitrites  of,  ii.  1005 

,,      oxides  of,  ii<  99^ 

,,     phosphates  6^  ii.  1005 

,f     peroxide  of,  ii.  1001 

„     pipes,  oofPoded  hf  water,  ii. 

,r     aiUoo^bomte,    ftuigtieto-oplloaf 
perties  of,  i«  414 

,,      sulphate  of,  ii.  1004 

,,     sulphides  of,  ii.  toot 

,,     tests  for,  ii.  1007 
Leather,  basis  of,  iiL  347 

,,        prepoiatioD  of,  ill.  669 
Legumin,  iiL  664 
Leiogomme,  iii.  75 
Lenses,  i.  130 
Lepidine,  iii.  36 1 
LepidoUte,  ii.  770,  831 
Leslie's  method  of  freezing  water  in  Taeac^ 

L  229 
Leucine,  iii.  615 
Leukol  (quinalioe),  iii.  361 
Leydenjar,  i.  igi 
Lichens,  colouring  matters  of,  iii.  538 

„        table  oT  coinpoueuls  of,  iit  541 
Light,  absorption  of,  i.  135 

„     actiou  of  coloured  vapours  upon,  i. 

,,  Artificial,  of  flames,  i.  135 

,,  bearing  upon  chemical  actions,  L  t 

„  change  io  its  refrangibility,  L  137 

,,  cbemical  action  of,  iL  1133 

,,  dispemive  power  of  bodies  for,  L  t 

,,  emitted  during  crjsUlliiation,  L  i 

„  emitted  by  highly  heated  solids,  i 

,,  ludufitioe  of,  upon  TegetatiuUi  ii.  4S 
1^33 
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,  Uw  of  diminaiion  by  distance,  L  113 
,9         ,f      reflection  of,  i.  115 
,,         „      refraction  of,  i.  117,  laS 
f »    polarization  of  (»ee  Polarixation),  i .  1 49 
,9    polarisation  of,  by  bnndle  of  glaJu 

pUtes,  L  154 
,y  „  doublj  refracting 

crTstals,  i.  150 
„  „     .  Iceland  spar,   i. 

150 
9f  ,,  NiooPs  prism,  L 

,»  „  tourmalin,  i.  150 

y,     polarized,  analysis  of  fermentation 
by,  iii.  108 

,y     prodnction  of,  by  animals,  L  117 

„     scattering  of^  L  1 16 

,,     theories  of,  i.  118 

„     total  reflection  of,  i.  130 

„     Telocity    of;   Tariable    in    different 
media,  L  141 

„     Toltaic,  L  336 
light  grey  copper  ore,  iL  987 
Lightning  conductors,  i.  3 1 1 

„        identical  with  electricity,  i.  310 
„        its  ezplosiTe  power,  311 
Lignin,  iii.  9a 
Lignit^  iii.  98 
Lime,  ii.  79a 

„      action  of,  as  mannre,  ii.  797,  iiL  734 

„      carbonate  of,  ii.  801 

„     chloride  of,  iL  53a 

,,     estimation  of,  ii.  813 

,,     nitrate  of,  ii.  801 

,,     phosphates  of,  ii.  804 

,,      sulphate  of,  ii.  800 

,r^ tests  for,  ii.  805 
Limekiln,  a  source  of  carbonic  add,   iL 

Limestones,  ii.  794 

Lines  in  Uie  prismatic  speetmrn,  L  136 
ii.  1 146 

Linolein,  iii.  370 

Lipyl,  oxide  of,  iii.  381 

Liquation,  ii.  1029 

Liquefaction  a  cooling  process,  i.  1 16 
„  of  gases,  L  151,  157 

Liquids,  conduction  of,  for  heat,  L  188 
,,        compressibility  of^  i.  34 
,,       convection  of  heat  by,  L  191 
„       expansion  of,  by  heat,  L  166 
,,       some  susceptible  of  magnetism, 

L417 
„       susceptible  of  magnttio  polarisa- 
tion, L  415 

Litharge,  ii.  909 

Lithia,  «dts  0^  ii.  771 

Lithium,  ii.  770 

Litmus,  iii.  539 

Liver,  sugar  found  in,  iii.  7 10 
„     presence  of  metals  in,  ik 
„      vicarious  fanction  of,  iii.  754 

Loadstone,  L  264,  *6s,  IL  ^ 

Loam,  ii.  819 

Lode%  iL  677 


Logwood,  iiL  511 
Lophine,  iiL  163 
Lucifer  matches,  ii.  594 
Lunar  caustic,  ii.  1047 
Luteocobaltia,  ii.  858 
Luteolin,  iii.  517 
Lutidine,  iii.  159 
Lymph,  iiL  694 

Maddxk  Root,  iii.  518 
Kagistery  of  bismuth,  iL  975 
Magistral,  ii.  ioa8 
Magnesia,  ii.  806 

carbonates  of,  ii.  808 
estimation  of,  iL  813 
nitrate  of,  ii.  808 
phosphates  of,  ii.  810 
silicates  of,  iL  809 
sulphate  of,  iL  807 
tests  for,  iL  810 
Magnesian  limestone,  iL  804,  808 
Magnesite,  iL  808. 
Magnesium,  ii.  805 

,,         chloride  of,  ii.  807 
,,        sulphide  of,  ii.  807 
Magnet,  action  of  a  rotating  disk  of  metal 

upon,  L  403 
Magnetic  equator,  L  171 
„        field,  L  416 
„        induction,  L  165 
„        iron  ore,  ii.  870,  895 
,,        polarity,  theonr  of,  i.  467 
„        repulsion,  L  264 
,,        storms,  L  971 
Magnetism  of  all  bodies  which  are  oondact- 
ing  the  voltaic  current,  L  318, 
380 
,,         diminished  by  heat,  L  969 
„         of  the  earth,  L  970 
„        of  the  earth,  variatios  of  inlaa- 

sity,  L  971 
„        mode  of  determiaiag  m  uilM« 

sity,  i.  969 
,,        a  polar  force,  i.  9(^4 
„        what  bodies  snsesi^ible  «<  (• 

^7«.  4«7»  V* 
Magneto-electric  action,  law  <<  L  4^ 
„  induction.  1.  .«!: 

machiiM^  Satl^^V  *^  4«5 
Magnet«>  elcciriotty,  L  ,tor  .  . 

olk^kv^  «••*«»  i<  i.  407 
MiMPieK  **^4»  ,m'#Hk4ww  ^^  k  >66 

Ifs^imti^Hi.   «t*M4«>4    wiu    MolMular 

MalM^*>^  «  Ovv 
MAlaw««K  «»  ,Vifc* 
MalKt<r^  i«.  ^<ij^t 
MalWaHh^v  V  j*^  iL  (M 

Maii»»»a»wK.  i)  0)1 

VUoK  A\hW  ^\f,  a  SMite  of  oxy- 
««S  iL  44i 


^^^P                  MAir                 840                 Ma            ^^M 

Kemury,  hemng  ni^  m  rad4iot  cspsot«^  1 

^^^^H                      ehlorUes  of,  ii.  pti 

162 

^^^^H                      cyftjiide  of,  iiL  5^5 

„        fulioiuate  oC  it  653 

^^^^K                   estuiMbaonof;  iL  9t9.  9H 

,,         iodides  of,  ii.  lOSO 

^^^^^^V                   Aiiondci  oi;  ii.  9s  j( 

„         nitnOe  of,  test  for  urea,  iii.  6t^ 

^^^^H                   ot«^  AAttj  of,  u.  919 

„         mtmtesof,  ii.  lOii 

^^^^^H                   oxidMo^  11.918 

„         nitride  of,  ii.  loai 

^^^^H                    spur,  ii.  915 

„        orei  of,  ii.  1009 

^^^^^^B                     sulphAl«  of,  ii.  913 

„        oxides  oi{^  ii.  ton 

^^^^^^B                       6alphide  of,  ii.  911 

„         oaTchlorides  of^  ii.  1017 

^^^^^                       testa  for,  ii,  913 

,,        specific  beat  of,  t  113 

^^^1             MftngAQite,  ii.  918 

„        sulphate  of,  ii.  103 1 

^^^H            Miiniu^  iiL  70 

M«tac«Unie,  iiL  j6 

^^^H             Mjumitane,  iiL  3S4 

Metacinnsmeue  (stjradii),  iii.  478 

Metaldehyd,  iii.  134 

^^H                 M         oompounds  of,  with  •das,  iiL  584 

^^^H            Manometor,  L  43 

Metallochromes^  ii.  1119 

^^^H             Manure,  notion  of,  iii.  731 

Metala,  action  upon  nitric  acid,  ii.  49S 

^^H                           f&no-jmrd,  iiL  737 

„               „            sulphuric  acid,  ii.  57^ 

^^H                             TArietiea  of,  lii.  71^,  735 

„       conditions   in    whidi    thej   occo^ 

^^M             M&rble,  a  801 

iL  675 

^^^B             M&rgarm,  tii.  369 

„      ooudocting  power  oi^  for  dectriciif^ 

^^B              Marl,  ii.  SiH 

L  3oif  361                                         ^ 

^^^m             Marriottc'i  lair,   departure  from,    I.   36, 

„       conducting  power  for    heat,  table     ,, 

^^H                                                  note,  255 

d;  iL  1S8                                  ^^ 

^^^1                                            of  elastic  fluids,  L  35 

,,       expaosioaof,tahl0of,  iL  166,  i|i.  76^! 

^^H             Marsib  gaa,  11.  633,  ill  197 

„      fttsiMUty,  table  of,  il  67r            « 

^^^B             Manih'B  test  fur  arsenic,  iL  96 S 

„       geoiAral  amogement  of,  ii.  437|68^H 

^^^B             Haas,  its  influence  on  aMnitir,  iL  10S9 

„       general  properties  of,  ii.  665         ^B 

^^^B             Maaslooi,  ii.  1000 

„       hardness  of,  iL  666                       ■ 

^^m            UM,  iii.  193 

„      lustre  of,  iL  665                            H 

^^H             Matter  never  desirojed,  L  to,  tL  445 

„       malleabiOtj  and  ductility  of,  iL  66^ 

^^H             Measons,  Bnglish  and  Preacli,  L  34,  iii. 

„      natiTe,  ii.  676 

^m        809 

„      pulverulent  eouditlon  of;  11.  665  ^_ 

^^H            Meoouates,  testa  for,  iii.  344 

„       specific  graWtj,  Uble  of;  iL  671  ^H 

^^^B             Meootdn  ^opianjl),  iiL  179,  184 
^^^B             MedaU^  deetrotyping  of,  ii.  1117 

„       tenacity  of,  iL  667                        ^M 

Tolatility  of,  ii.  672                       ^H 

^^m            Media  for  light,  L  117 

Metameric  compounds,  IL  653                    ^H 

^^^H            Meenehaum,  ii.  S09 

Metamerides,  iii.  5                                ^H 

^^^H            Melam,  iii.  603 

MeliBOrphvses,  chemical,  produced  by  o^H 

^^^^fl            Melamine,  iii.  604 

datian,  iiL  4^H 

^^^H            Melene,  iii.  367 

prodneed  l^f^H 

^^^H            Meliftsin,  iii.  366 

ductioii,  ^-^^H 

^^^B             Melitose,  iii.  67,  71 

„          produced  by  sui^ 

^^^B             MeUon,  iiL  601,  603 

stitutiuu,  iiL  4^H 

^^^B             Mdlotildee,  iii.  603 

^^H            MeUonrs  apparatus  for  radiaut  heat,  1.  305 

Metantimoniate^  ii.  054                           ^H 
MetapbosphatOB,  il.  601                    ^^^^t 

^^^B           Hereaptan,  iii.  165 

Metastannates,  ii.  953                      ^^^^^1 

^^^H            Mercaptaos,  class  of,  ilL  94 

Metastyrole,  lu.  478                          ^^^H 

^^^V            Mercuramiae,  iL  1013 

Metaterebecitheae,  iiL  440                 ^^^H 

^^^B             Mercurial  tnimgh,  1.  48 

Methyl,  iii.  195                                 ^^^^| 

^^^B             Mercury,    ammoaiatcd  compounds  of^   ii. 

„       corop^juuds  of.  iiL  177,  178  ^^^B 

^^^B                                 1010 

„       oxide  uf,  iiL  176                           ^H 

^^^K                  „         Application  to  the  daguerreotxpe, 

Methylal,  iii.  138                               ^^^M 

^^1                                     1 143 

Methyl'hexyl,  iii.  194                         ^^^H 

^^^^^^                      bromidee  of,  iL  101 1 

Metbyleue,  iiL  190                             ^^^H 

^^^^^K                     capilUiy  depression  of,  L  61 

Methylia  (methylamine),  iiL  208       ^^^B 

^^^^^H                     chlorides  of,  IL  1015 

Methyluranune,  iiL  62  f                        ^^^H 

^^^^^H                      cyanide  of,  iii.  586 

Methylurea,  iiL  175                           ^^^H 

^^^^^^B                     estimation  of,  ii.  1013 

Bfctre,  L  25,  HL  809                         ^^^M 

^^^^^H                    exfiansion  of  at  dlffereut  tempe- 

BUca,  ii.  831                                       ^^M 

^^^^^H                          raturea,  i. 

MicTvcosroie  salt,  it.  779                   ^^^H 

^^^^^^B                     extnu/tion  of^  iL  T009 

MUk,  oompoeitioD  uf,  iii.  695             ^^^H 

^^^^B                    freexing  at,  L  353 

„     Talue  of,  as  food,  iii.  737,  755       ^M 

^^^^—    w 

MIN 


841 


NUT 


ICneral  ehameleon.  ii.  910 
„       Teins,  ii.  076 
„      traten^  iL  460 

Kining  operations,  iL  678 

Minium,  iL  100 1 

HiiTon,  ulvoring  of,  bj  mercury,  iL  931 
,,  ,,  by    redaoed    ulver, 

iL  1031 

Mispiekel,  ii.  898 

Mixture,  difference  between  it  and  combi- 
nation, L  8 

Moir4e  metallique,  i.  95,  iL  929 

Molecular  forces,  i.  33 

Molybdatea,  ii.  943 

Molybdennm,  ii.  94  r 

„  chlorides  of^  iL  944 

„  oxides  of^  iL  943 

„  sulphides  of,  ii.  943 

„  tests  for,  u.  944 

Mono-stearin,  iii.  381 

Moonlight,  absence  of  heat  in,  L  109 

Merdanta,  ii.  820,  iiL  546 

Moroxite,  ii.  805 

Morphia,  preparation  of,  iiL  178,  181 

Mortars  and  cements,  iL  793 

Moaaio  gold,  ii.  934 

Motion,  its  effect  upon  affinity,  iL  i  loi 
„      a  signal  of  force,  L  435 

Moulds  for  electrotyping,  ii.  11 36 

Hueilage,  iiL  83 

Mucin,  iii.  700 

Mucus,  ib. 

Multiple  compounds,  nomenclature  of^  iL 

43 » 

„      proportions,  law  of^  L  13 
Monts  metal,  ii.  983 
Mnrexan,  iiL  639 
Murexid,  iiL  639 
Muscular  current  of  electricity,  L  413 

„        tissue,  iiL  681 
Musical  notes,  pitch  of,  L  110 
Myridn,  iii.  366 

Naphtha,  coal,  iii.  561 

„        natural,  iiL  581 

„        wood,  iiL  403 
Naphthalidin,  iii.  574 
Naphthalin,  iii.  573 

„  bromides  of,  iii.  576 

„  chlorides  of,  iiL  575 

Naphthene,  iii.  581 
Naphthoic,  t6. 
Naphthylamlne,  iii.  574 
Naples  yellow,  ii.  953 
Narceia  (narceine),  iii.  178,  485 
Naroogenine,  iii.  385 
Narootine,  iii.  378,  383 

,,         homologous  forms  o(  iii*  >«« 
Nascent  state  of  bodies,  iL  1 110 
Natron,  ii.  754 

Negative  photognmh^  ii.  II35 
Neutralisation,  L  0 
Nickel,  ii.  863         ^  „  ^ 
,      oarboaalM  <<  II.  Mis 


Nickel,  cyanide  of,  iii.  585 
„       estimation  of^  ii.  866 
,,       oxides  of,  ii.  864 
„       separation  of^  firom  cobalt,  ii.  853, 

866 
,,       sulphates  of,  ii.  865 
,,       sulphide  of,  ii.  864 
„       tests  for,  iL  865 
Niootia,  iii.  367 
Niobium,  ii.  941 
Nitraniline,  iii.  358 
Nitraniside  iii.  493 
Nitranisidine,  t6. 
Nitranisole,  tb. 
Nitrates,  ii.  503 

,,        atomic  volumes  of,  iii.  771 
Nitre  beds,  ii.  731 

„     refining  of,  ii.  73a 
Nitric  acid,  ii.  494. 

„  anhydrous,  ii.  499 

„  table  of  strength  of,  ii.  503 

„  tests  for,  ih. 

Nitrides  of  the  metals,  ii.  701 
Nitriles,  iiL  166,  338,  339 
Nitrindin,  iii.  538 
Nitro-acids,  iii.  306,  389 
Nitrobenzole  (nitrobenxide),  iii.  566 
Nitrobenzoyl,  iii.  457 
Nitro-coumarin,  iii.  489 
Nitrogen,  biralphide  of,  ii.  587 
,,        bromide  of^  ii.  545 
,,        chloride  of,  ii.  539 
„        determination  dt,  in  organic  com- 
pounds, iii.  18 
„  comparaUre 

method,ui.33 
„  „  Dumas*  method, 

iii.  20 
„  „  Vanwutrapp's 

method,  iiL  19 
„        dentoxide  of,  ii.  506 
„        exhaled  during  twi^tion,   iiL 

74S'wr» 
„        iodide  of,  ii.  55  > 
„        one  of  the  <v>ii»tituenta  of  the 

atiiio»}4wr\  iL  440 
„        perMcide  «<  ii.  50Q 
„        pboe|«hid«  v^,  ii.  Oo8 
, ,         prp|WkniU«M)  and  prv^porlNA,  iL  450 
„         ivix^wU^  *<  ii.  503 
Nitn^gi^rv^K  «|tKMn.Mn^  iii.  s)2^  57S 
Nitn^«M»ni^^  iiL  gi 
N'it4>«arhiluaiik  iu.  574 
yittvyfwiMtiiUnk  iii.  5g^ 
NiUvwi^)>Kaivi<  »L  <:o»  M05 

S,xlai  5i»w^  in  •.N^ttiiuf  K^iMA^  L  111 
X'^«»*J»^'«ttv.  o)h»akT)a.  L  439 
N\v»Vm  \cW«#v.  ;i:.  igi 
N.<«akA«MsK  »^4:}^ars*  ».*>,L  sL  571 
No<a4WH^  c^mK-mX  ^T  sTmKtU.  L  7$ 
s%         <<f;u :  VI  arw%^'iicttOBpbc«s  bodies 
•L  7iS 
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Nallitloil  of  luiiiuah^  UL  737^  et  xq. 
„         ofplActfi,  iii.  711,  et  teq. 

Oaiiti»iijr,  ii  851 

f  Octylen^  («ipryleue),  liL  igi 
^juyitiiol,  lii.  139,  361 
OBttiDthjrlene^  liL  191 
0^*«  tJieory  of  (lie  irolUic  oircttit>  L  549, 

353 
Oil  gs%  iL  641 

,»  ^  almond,  iii.  360 

,1  of  beo,  lii.  419 

,,  castor,  iii.  361 

„  CMCOii'iiiit,  iii.  3^1 

I,  00^  tor,  iil  561 

,,  cod  liTer,  iii.  361 

,,  colza,  iii.  360 

,,  Dippel'fl  Animal,  iii.  580 

ft,  of  ground  ziutf  iii.  392 

,,  linseed,  iii.  359,  360 

,,  olire,  iii.  359 

,,  faAm,  iii.  361 

„  rock,  iiL  581 

,,  fipena,  iii.  361 

p,  whale,  t6. 

I,  of  vitriol,  ii.  570 

«,  of  wine,  beary,  iii.  168 
Oila,  drying  nnd  uon- drying,  iti*  358 

„     esaentiul  {jtre  Esseutial  oila),  iii.  454 

„     fixed,  iii.  354 

,1       „      decomposition  of,  hj  steam^  liL 

375 
Oleatefl,  ili«  411 
Olefiaut  gaa,  ii.  617,  iii.  190 
Olein,  iii,  369,  379 
OHviue,  ii,  809 
Oolite,  ii.  803 
OpaeitiTi  not  perfect^  i  I9t 
Opttl,  ii.  611 
Cpiammon,  iii.  1S5 
Dpi  till  ine,  iii.  777 
OpiiMiyl,  iii.  384 
Opium  (c<iiap08ition  of),  iii,  ^76 
Optic  axis  of  oirystalji,  i,  148 

II  ,1         relation    to     tlidr 

magnetism,  i.  413 
Orcein,  iiL  544 
Orcin,  iii,  543 
Oreliin,  iii.  517 
Orgauiti  aDalynia,  lit.  1 2 

,,       cheinistry  defined,  iii.  l* 
„        Cumpounds,  Gompcrnvnts  of,  iii.  3 
),  ff         disUngoiilied  from  in- 

organic, iiL  4 
II  II  principles  of,  elassifi- 

cation  of,  iii.  15 
,9  ti  syiJth«3«iB  of,  iii.  50 

Organic  IjaaeSi  arliBdal  formation  of,  iiL 
198,  251 
II  from  alcohols,  iii.  198 

II  from  ammonia,  i'&. 

,,  from  aniline,  iii.  101 

,1  natural,  iii.  144 


Organic  baaea,  Ihemj  of  BeneUna,  IiL  9  4$  J 
..  »         Liehig,  UL  147      | 

Organised   bodies  diatingnifthed  from  or'J 
ganic  (Tompoonds,  iii.  i 
„  I,     instiiiiitity  of,  iii.  2 

Oigano^metallic  eomp<mnd%  iiL  1 1 3,  «f  sej. 
Otpiment,  ii.  963 
Osmiom,  IL  1075 

„        salts  o^  ii.  1076 
Oamomster,  L  71 

Osmose,  positire  and  negakiTei,  i  73 
Osmotic  action,  laws  of,  ib, 
Othyl,  iii.  311,  «erfe 
Oralbumen,  iii.  651 
Oxalates,  ii.  644 
Oxalic  add,  s  source  of  carbonic  oxidi^  iL49t  1 

,,  dibasic,  iii.  423 

Oxametbanci  iii.  173 
Oxamide,  iii.  140 
Oxa&llide,  iii.  441 
Oxidation,  alow  prooessei  of,  iiL  4  a 
„        general  resnlti  of,  ii.  447 
I,        fsTonred    by  the    pireaenoe 
molstnre,  ii.  44S 
Oxides,  atomic  rolume  of,  iiL  769 
„       general  classification  of,  ii,  447 
„       metalilc,  deoomposttiooB  of,  ii,  692 1 
„  I,         estimation  of  oxygen  ifti 

u.  693  ; 

„  „         general  properties  ci,  lul 

689 

,1      preparation  of,  iL  691 
Oxjaoids,  iL  703 
OxjeLloride  of  acetyl,  iii.  180 
O^rehlorides  of  dibasic  acids,  iiL  314 

,,  monobasic  acids,  iu.  313 

OxyoobaltiA,  ii.  857 
Oxygen,  determination  0^  in  air,  iL  453 

,,        estimation  of,  in  oxides,  IL  693 

„        its  magnetic  properties,  L  420 

,,        properties  of,  ii.  441 

,,         preparation  of,  ii.  442 

„        refractiTe  power  of,  L  129 
Oxyhydrogen  jet,  intense  hcjit  of,  ii.  471 
Osone,  ft  modidcaUon  of  oxygen,  li.  44^ 
,,      its  preparation  and  propertaeB,  ^ 

Packpoko,  ii.  8^4 
FaUadinm,  ii.  1068 

,,        salts  of,  ii.  1070 

I,        tests  of,  ii.  1071 

„        cyanide  of,  Ui.  587 
Palmitin,  iii.  368,  370 
Pancreatic  duid,  iii,  699 
Piipaverine,  iii.  279,  48 2 
Paper  making,  iii.  92 
Paplu'ii  digester,  L  229 
Faracyaoogen,  ii,  654 
Paraffin,  iii.  551 
,,        oUs,  ih, 
Paralbumeu,  iH.  657 
Paraldehyd,  iiL  134 
Paramorphia  (theb&ia),  iii.  281 
ParamyleQe,  ilL  191 
Paianaphthalin,  lii.  579 
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PSMmrbodMHietm,  iii.  510 

Paursalicjl,  ilL  481 

Pansulphat-ammon,  ii.  773 

Pkrroline,  iii.  259 

Pattinaon's  method  of  desilrering  lead,  iL  994 

Pearlaah,  ii.  736 

Pe&rl  wlUte,  ii  974 

Peat,  iii.  97 

Peetin,  iii.  84 

Pectoee,  iii.  83 

Pegmatite,  ii.  828 

Pendulum,  length  of  seconds,  i.  15,  note 

Pepsin,  iii.  698 

Perchloraldebyd,  iii.  185 

Perchlorates,  ii.  536 

Perchlorokinone  (chloranile),  iii  354 

PercQssion  caps,  ii.  653 

Periodates,  ii.  551 

Permanganates,  ii.  911 

Persian  berries  (colouring  matter  of),  iiL5 1 7 

Perurine  (styrone),  iii.  477 

Petalite,  ii.  770,  830 

Petinine  (te^lia),  iii.  212 

Petroleum,  iii.  581 

Petuntse,  il  830 

Peucyl,  iii.  44  a 

Pewter,  ii.  930 

Phenamylole,  iii.  570 

Phene  (benzole),  iii.  564 

Phenetole,  iii.  570 

Phenic  series,  iii.  564 

Phenole  (carbolic  acid),  iii.  568 

Phenomethole  (anisole),  iii.  492,  570 

Phenyl,  acetate  of,  iii.  563 

,,     chloride  of,  iii.  570 

,,     cuminate  of,  iii.  563 

,,     hydride  of  (benzole),  iii  564 

,,     phosphate  of,  iii.  570 
Phenyl-acetylia,  iii  265 
Phenyl-ethyl  urea,  iii.  616 
Phenylia  (aniline),  iii.  355 
Phenylurea  (carbanilamide),  iii.  616 
Phloretin,  iii  511 
Phloridzin,  iii.  511 
Phlorizein,  iii.  511 
Phosgene  gas,  ii  541 
Pliosphates,  ii  598 
Phosphides  of  hydrogen,  ii.  604 

,,  the  metals,  ii.  701 

Phosphites,  ii  601 

Fhosphomolydate  of  soda,  ii.  783,  943 
Phosphorescent  bodies,  i.  1 1 7 
Phosphori,  solar,  i  140 
Phosphorite,  ii.  804 
Phosphorized  on^anio  bases,  iiL  908 
Fhoephorogenic  powerof  the  speetmaii  I40 
Phosphorus,  ii.  591  * 

,,  allotropio  forms  of,  U.  593 

,,  chlorides  of,  ii  606 

,,  dlamagnetism  oi,  i  418 

iodides  of,  ii  60a 
,^  ozida  of,  ii.  604 

ozfdiJoride  oi;  U,  697 
fuljiJkwhloridtoCii.  «97 


Phosphurotted  kjxbnqgvm,  il  604 

fKNR,  iii.  »08 
Photogenic  drawing,  ii  1 1,^(5 
Photographic  eogimTi^g.  ii  1 14I 

„  printing,  ii  1135 

Photolithography,  ii.  11 41 
Photometry,  i.  114 
Phthalimide,  iii  431 
Physical  states  of  suttsr,  i.  3 
Pioaaiar,  iii.  k^$ 
Picoline,  iii.  260 
Picroerythrin,  iii.  541 
Picrosmine,  ii.  809 
Piaite,  iii.  70 
Fimk  9altf  dyer^s,  ii.  936 
Pipe-olsy,  ii.  828 
Piperidine,  iii.  2S6 
Piperine,  iii.  186 
Piperylurea,  iii  a86 
Pitch,  iii.  550,  561 
Pitchblende,  ii  867 
Pittacal,  iii.  555 

Plants,  nutrition  of,  iii.  721,  e(  lej. 
Plaster  of  Paris,  i.  800 
Plasters,  ill.  371 
Platinamine^  ii  1066 
Plating,  ii.  1030 
Platinic  oyanide%  iii  599 
Platinioum,  ii  1067,  note 
Platinocyanidea,  iii.  59^ 
Platinude,  i.  370 
Platinopyridtne,  iii.  260 
Platinosum,  ii.  1067,  noU 
PUtinum,  alloys  oi;  ii.  1062 

,,       aasK^niaoal   compounds  of,  ii. 
1065 

„      black,  ii.  io6t 

„      bromides  oC  ii.  1067 

„      ohloridss  of;  ii  1064 

„      oondsMatioa  of  gases  by,  i  80, 
ii  1007 

„      ssliBUktMi  of,  ii.  1068 

„       Athainating,  ii  1067 

,»      iodides  of,  ii  1067 

,«      niUals  of;  ii  1067 

,»       Oirs  of,  extraction  of  metab  frvm, 
U.  1073 

„       oxides  of^  ii  1063 

„       prv.>oeiM  of  working,  i  1060 

„       sulphate  ^^i^  ii.  1067 
.  ,,       sulphidctt  of,  ii.  1063 

o       tettts  for,  ii.  1067 

M       wiret  prMductivm  of  smouldering 
iviubustiou  by,  ii.  635 
Pialosaiuiuv,  ii.  ^oO^ 
Flati«sopyriaiu««  iii  i6o 
P)ulttb«y^^  ii.  483 
PtumhAk'H,  ii.  1001 

Pluaibcthy),  hydrated  oxide  of;  iii.  114 
hnmauitic  tn^ugh,  i  47 
IVhurtty,  aad  j.K>hkr  forces,  i  264 
tVlari««ii^4i«  aurfle  of,  i  151 

*>         of  ligkl,  t»ioaitd  dmlar,  i 
15$ 
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PoljuiiAtion  of   ilgUt,    mn^etic,  i.    i60| 
414 
_         M  „         pljgie  of,  L  153 

hy  refleciicm,  i.  154 
T,         by  tnLUfitmBaion,  i/>. 
Polftrixed  liglit  («rf  light),  L  149 

,f  ookmn  ]>rodttoed  m,  t.  155 

I,  diJflere&C6      from      commoa 

light,  i.  153 
Foung  of  ocpper,  ii.  980 
Folydiroiue  (esculin),  iii.  513 
Polymeric  compouaiU,  ii.  627,  654 
PuljrtuerideB,  iii.  5 
FopiiliD,  iii.  488 
ForceLftiii,  ii,  831 

„         EeaumurX  ^  7^3 
Porosity  of  bodies,  proofa  of,  i.  3 
Porphyry^  ii.  B30 
Portland  cement^  ii.  795 
Pusitive  aud  ne^tive  etectrietty,  L  478 

,j       phutograpbg,  ii.  1135,  it 38 
Pot&iSih,  bicarboniite  of^  ii.  74! 
,f       LiEtdphaUi  of,  ii.  710 
If       CArbotuite  of,  ii.  73O 
„       ohlomte  of,  ii.  534,  736 
„      ohiomiitQfi  of,  ii.  911 
,,       eatimation  of,  ii.  811,  811 
„       hjdmte  of,  ii.  714 
„       nitrate  of,  ii.  730 
,,       perch lomUi  of,  ii.  536 
fj       feuJutionH   of^  tuble  of  deiuiiy,  iL 

y,       eolphate  of^  li.  739 
„       ieBt«  for,  iL  741 
Potaaaium,  bromide  of,  ii,  729 
,,  chloride  of,  ii.  738 

,,  chromicyauide  of,  iii.  598 

,r  cobullicyatiide  of,  iii.  597 

,,  cyanide  of,  iii.  581 

,,  ,,  Tzae  iu  fixing  photo- 

graph B,  ii.  1 1 40 
I,  fen-idcyanide  of,  iiu  «;94 

,,         feiTocymiide  of,  u.  647,  iii.  590 
,,         iodide  of,  ii.  728 
,,  iridiocyanide  of,  iii.  600 

,,  tDuHonides  of,  id.  603 

„  peroxide  of,  ii.  723 

II  platinic-cyauide  of,  iii.  599 

II  pljitinocyaaide  of,  iii,  599 

,,  preparAiion  of,  ii.  721 

I,  profwrtie*  of,  ii.  720 

I,         protoxide  off  it.  724 
,,         ailicofluoride  of,  ii*  729 
,,         Btilphides  of,  iu  736 
>,         snlphocyouide  of,  iii.  600 
Pot«t(>eiS|  iii.  76 

Pottery  ware,  Ublo  of  aniUyeefl  of,  ii«  834 
PnjcipitateSi  method  of  coliectin^,  ii.  8t4 
„  methods  of  washing,  ii.  S15 

Prehnite,  ii.  830 
Prcsaure  gauge  for  air-pumpt  i*  43 

ff  I J     for  oondeiii«d  gaaes,  L  255 

„         inflaenceof,  on  ftffimty,  ii*  1083 
I         Etandard  for  comparison  of  g^ees, 
i.  49 


Printing  from  a  DHgnerrteotype,  ii.  1145 
PriHmatio  refrsitrtion  of  )ight|  u  130,  133 
Prism,  N  1001*8,  159,  noU 
Proof-plane  of  Conlomh,  for  dectricity*  i* 

284 
Proof-spirit,  liL  120 
Propionamide,  liL  139 
Fropione,  iii.  311 
Propio-t&itrile,  iiL  166 
Propylttfiei  or  tritylene^  iiL  190,  377 

,1  ioditod,  iii.  377 

Proteetioii  of  ihip'a  aheathlng  by  T(^ta£e 

meant,  L  331 
Proteie  componnda,  iiL  647 
Protein,  iii.  650 
Protoxide  of  nitrogen,  liiiuid,  pirodi 

intense  cold  by,  i.  154 
Proximate  principlei,  iiL  1 
Prusaian  blue,  iii.  592 

I,  eoluUe^  iii.  593 

,,  Tumhuira,  iii.  595 

I,  WUUataBon\  iii.  595 

„   green  (magnetle  cymide),  iii.  C94 
FBeudo-erythTin,  iiL  543 

,,       orcin  (erythru  mannite)^  iiL  54I 
PsUomelane,  ii.  918 
Ptyalln,  iiL  697 
Puddling  of  iron,  ii.  882 
Pulvia  fulminans,  ii.  736 
Pumice  ttone,  ii.  831 
Pump  for  raising  watta-,  L  41 
Purple  of  Caeai OS,  ii.  1059 
Purree^  iii.  518 
Forrenone,  iii.  518 
Pas,  ill.  720 

Pntrefaotion  of  animal  matters,  iii.  64 S 
Putty  powder,  ii,  952 
Pnzzuolana,  ii.  795 
Pyin,  iii.  720 
Pyrene-,  iii.  552 
PjTidine,  iii.  259 
Pyrobeuxoline  (lophine),  iii.  263 
l^rocatechin  (oxyphenic  add),  iii.  349,  572 
Fyipgallic  acid,  used  for  absorbing  oxygen, 
ii.  47S,  note 
II  for  photograph/,  iL  1140 

Fyrolosite,  ii.  918 

PyrauietetB,  difl'ereat  forms  of,  i.  1 76 
Pyrope,  ii.  831 

Pyrophorab,  from  sulphate  of  potash,    iL 
737 
,,  frr^m  tartrate  of  load,  IL  toBo 

Pyroxanthin,  iiL  55a 
Pyroxene,  ii.  809 
Pyroxylic  spirit,  iii.  1 23 
FyroxyHii,  iii.  87 
I^rrrole  bases,  iii.  261 

QOARTK,  iL  61 1 

„        circular  polarization  of,  L  1^8 
Queen's  metal,  ii,  930 
Qucrcctin,  iii.  511 
Quercite,  iii.  72 
Quercitrin,  iiL  513 
Quercitron  bark,  iii.  516 
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Quicklimet  ii.  791 

Bbatany  root,  ttuinm  of,  iiL  345               ^H 

Qalala  (i|iiinme)j  iiU  271 

Rhein,m.  517                                         ^H 

Qainictne,  iiU  ^75 

Rheostat,  Wheatstone's,  L  355                 ^H 

Qoiuiduje,  ih. 

Bbodeoretin,  iii.  5  to                                  l^^l 

Qiiijioiduie,  iiL  173 

Rhodium,  ii.  1071                                       ^^H 

Quiaoline,  uL  161 

salti  of,  ii.  1071                         ^^1 

Ehubarb,  acick  of,  iii.  334                           ^^| 

Eacrmatbs,    ftrtificial  formation   of,  from 

„         colouring  matter  of,  iii.  517       ^^ 

lartario  acid,  iii.  355 

Ricinol amide,  iii.  ^61                                             h 

BadiMidQ  of  heat,  amount  of  aolar,  u  197 

Riuroaii'B  green,  ii.  856                               ^J 

,>         kw  of  cooling  by,  i.  301 

Ripening  of  fruits,  Ui.  794                         ^H 

Badioki^  double,  of  the  alcuhoK  iii-  '93 

EoAating  an  ore,  ii.  684                             ^^H 

1                  „        oigjuiic,  of  the  alcohols,  Ui.  191 

Boccellinin,  iii.  541                                    ^^M 

„               ,»       of  the  ethers,  iU.  39 

Rochelle  salt,  iu.  319                                 ^H 

„              „       theory  of,  iii.  ^4 

Kock  crystal,  ii.  6ft                                 ^H 

Raewsky'i!  platinam  aalta,  ii.  1065 

„    salt,  ii  745                             ^m 

RuDciditj  of  oUd,  iii,  358 

„       ,,     its  diathermic  power,  i.  106     ^^M 

Bajs,  obemicalf  I  139,  iL  1145 

Rocks,  sedimentary,  ii.  677                       ^H 

,,     luminotjfl,  of  spectrum,  i*  rjj 

Roman  cement,  it.  796                              ^^t 

„     thermic,  i.  139 

Roaeo  oobattia,  ti.  858                               ^H' 

lUftlgar,  ii.  961 

Roflin  (oobphony),  iii.  501                          ^^| 

Bod  aatiinoiiy  ore,  ii.  955 

Rouge,  ii.  893                                            ^H 

„    dje-fltuffii^  iii.  518 

Rubincin,  iii.  521                                         ^^H 

„    glaaa.  photographic  action  of,  ii.  1 148 

Kubian,  iii.  510                                            ^^H 

„    lead,  ii.  rooi 

RabtAiiia,  iii.  531                                         ^^H 

,»    mlvcrore^  ii.  1044 

Ruby,  iL  818                                                  ^H 

BedQcing  i¥?tiuiia  of  planta,  iii.  713,  726 

Rabmkora~8  coil,  i.  399                               ^^H 

Bed  lie  L  too  of  aa  ore,  ii.  685 

Rum,  iii.  123                                               ^^H 

'             Eefracted  ray,  ordinary  and  extraordinary, 

Rupert's  drops,  ii.  769                                 ^^H 

L  148 

Eathcnium,  ii.  1074                                    ^^H 

«             Re&actiTe  powar  of  bodies  for  light,  i.  118 

Rntile,  ii.  939                                                ^^^ 

Relnuigibility,  unequal,  ofmyaof  light,  L 134 

Beiii8ob*fl  test  for  arsenic,  ii.  967 

dAB^DtLUl,  iii.  190 

JteiBefB  pliitaQom  §alta,  ii.  1066 

Safety  kmp,  Davy*8,  iL  636 

Eeonet,  iii.  663 

Sftfflower,  iii.  524 

Eeeidual  charge  of  Leydca  jix,  t  399 

Saffron,  iii.  516 

BMmein,  uL  501 

Sago,  iiL  78 

Bflttaa,  Ksneral  properiiee  of,  iii.  500 

Sal  alembroth,  E  tot? 

'            Beiisi  pastes  (calico  prxBtiiig),  iii.  549 

Salop,  iiL  78 

L           B^iita&ce  oolls,  i.  356 

Salhydramide,  iii.  131,  480 

^m            „        of  the  voltameter  to  the  voltaic 

Salicin,  iiL  486 

^H                           current,  1.  354 

Salii^l,  chloride  of,  Iii.  480,  HOte 

„        hydride  of,  iii.  479 

Hcipiration  in  man,  iU.  745 

,,        Bcries  of,  iii.  481 

^^             , ,        oxygen,  how  absorbed  in,  iii  746 

Salicyktea,  iii.  481 

^K            , «        of  carboiiie  aold,  amoani  variable^ 

Salicylide^  iii.  485 

■                                                        747 

,,         of  benzoyl,  iii.  481 

^m                                             mnanigti  amount 

Saligenin,  iii.  486 

^B                                                of,  iu.  750 

Salin?tin,  ib. 

Saliva,  iii.  697 

^B                                                IM,  iU.  74S 

Sal  pruncllc,  ii.  732 

^H             ,»                 ,t              prcportiotttorea- 

Salt  cidce,  ii.  747 

^^H                                                    pirod  oxygen, 

Saltofnorrel,  iL  6^5 

■ 

Salts,  action  npon  salts  in  solution,  ii.  1067 

^H             „        im  hybemating  animalB,  iii.  750 

,,      acid,  iL  711,  713 

^^m             «,        qtiantitj  of  oxygen  in  twcaty- 

,,      atomic   volumea  of  a  solution,   iii. 

^^B                           four  huu^^  iii.  750 

77.^,  774 

^^m             ,^        Seharling*d  experimenta  on,  iii* 

„      basip,  ii.  716 

^M     Betinaphtha  (tolnolc),  iii.  565 

„     double,  ij.  714 

„      clootriaa  deoompoaltiDo  of,  ii,  706, 

^H       EetiaMpbalt,  iii.  97 

11 10 

^B       Tietinit^,  ib. 

„     haloid,  iL  704 

^m      Kotinule,  iti.  501 

„     nature  of,  i.  7 

^m       Eetinyl  (ouiuok),  iii.  501,  565 

,,     nomenclature  of,  iL  431 

„     neutral,  ii.  709 

^^^^^^P                                           846                       SPE                 ^^H 

^^H           StttU  fif  tin,  u.  g^s 

SilTer,  plio«pbate«  of,  ii.  T047              ^^^H 

^^H           Saponification^  iii.  556,  370 

Bolphaie  of,  iL  1046                  ^^^H 

^^^H           H^poiiin,  ti).  513 

anlpbide  of,  ii.  1043                   ^^^^H 

^^H           Biipphire,  u.  818 

testa  for,  iL  1048                         ^^^^H 

^^H           S&rkcMsine,  iti.  631 

„       ZierrogeFs  procesa  for  extrftCticm  o^^H 

^^H           8<aite  of  hjirdne«fi,  L  53 

ii.  1038,  note                                  ^H 

^^H          Softles  of  flqiuTftleiitc,  i.  16 

Silyering,  iL  1030                                           ^H 

^^H          Sciil«s  offish,  eompositioa  of,  iii.  678 

SiuapoUne,  iii.  499                                  ^^^H 

^^1          8ohee]eVgreeI^  ii.  961 

Sinapine,  iii.  497,  note                          ^^^H 

^H          BdioeUte,  iL  945 

Sbkaline,  ib.                                        ^^^M 

^^^B          Schweinfartli  green^  11.  961,  ill.  411 

Sinnamine,  iiL  499                               ^^^H 

^^^B          SoofMurtn,  tli.  167 

Siie,  lit.  668                                         ^^M 

^^^H          Setlin^'WAX,  oompoffition  of,  iii*  505 

Staked  Hme,  il.  791                               ^^^H 

^^^H                                 electrical  power  of^  i.  47a 

SUga.  ii.  685                                         ^^M 

^^^L^   Bealfl,  electrotypinj;  of,  ii.  1117 

Slate,  Tarieiies  of;  iL  631                      ^^^H 

^^^^^H  SeawAter^  ii.  461 

Smalt,  ii.  85 5                                          ^^^^B 

^^^^^H  Secretion,  iii.  756 

Smelting  of  copper,  ii.  977                   ^^^^B 

^^^^^HSelen&idine,  iii.  ^54 

^^^H 

^^^^■'fielenmUtt,  ii.  5S9 

lead,  ii.  993                        ^^H 

^^^^^H'fielenie  mercaptan^  iii.  166 

Snu£^  prep&mtion  of,  iii.  168                 ^^^^H 

^^^^V Selentte,  ii.  800 

Soap,  iii.  370                                            ^^H 

^^^^^^  Belenitea,  ii.  5^9 

„     lime,  iii.  373                                    ^^H 

^^^^^  fiokODium,  ii.  588 

m&nnfocturB  of,  iii.  371                ^^^^M 

^^^P         fldHniurett^d  bydrogou,  iL  590 

mottled,  iii.  373                            ^^^^| 

^^^g          BemiiiApbtbaJidAm,  ill.  574 

f.     yellow,  ib.                                    ^^^M 

^^H           FopamtioD  of  bodica  by  cold  or  ]ie»t|  i.  90 

Soapa,  hard  and  0oft»  ni.  371                ^^^M 

^^^H            ScrolbumeQ,  iii.  651 

Boda,  ii,  743                                        ^^H 

^^H           Serpentine,  ii.  809 

„     aah,  manufaetnre  of,  ii.  750               ^M 

^^K          Serum  of  Uood,  iii.  690 

1,     bicarbonate  and   BeAquicarbonate  of^^M 

n.  754                                            ■ 

^^^^^B  fihetl-kc,  iii.  504 

,,     bisulphate  of,  il  749                           ^M 

^^^^^K  ISlieLlr,  compositioti  of^  Iii.  678 

carbonate  of,  it.  753                    ^^^^M 

^^^^^H'Sbot^  leaden,  ii.  999 

estimatiou  uf,  iL  811,  819          ^^^H 

^^^^^^V  Silica,  iL  611 

„     hypoBulphite  of,  u.  575              ^^H 

^                     soluble,  iu  615 

metantimoniate  of,  Ii.  954           ^^^^M 

^^H          Silieatefi,  ii.  615,  758,  et  ^e^.,  817 

„     nitrate  of,  ii.  749                          ^^^| 

^^^H           Silicon,  ii.  609 

„     phoifphateii  of,  ii.  755                    ^^^^M 

^^^H                        bromide  of,  ii,  617 

,,     ailicatea  of,  ii.  757                                ^B 

^^^^L                        cbbrid«3  of,  ii.  616 

,,     iolntionii  of,  table  of  sp.  gr.,  ii.  744  ^H 

^^^^B                       !!uoride  of^  ii.  617 

„     sulphate  of,  iL  746                                 ^B 

^^^H                       Bulpbide  of,  ii.  616 

„     snlphate,  electrolyaia of,  iL  ilii  ,^^^B 

^^m      ^iik,  ill.  680 

inlphitei  of;  iL  749                     J^^^B 

^^^H           £?Llver|  ii.  1014 

,,     teste  fur,  ii.  769                           ^^^M 

^^^H                       Acetonitrateof,  ii.  1157 

„     water,  iL  475                              ^^^M 

^^m          „    aiioya  oC  "»  1032 

Sodium,  ii.  743                                      ^^^H 

^^^K              ,}      ammotiU,  Bitrato  of,  ii.  906 

alcohol,  m.  149                       ^^^H 

^^^H                     laaay  of,  humid  proceaa,  if.  1035 

,,       bromide  and  iodide  0^  il.  746        ^H 

^^^H             ,)      Augu^tiu'a  proeew  of  extraottan,  u. 

chloride  of,  iL  744                    ^^^H 

^^^H                                   note 

mlpkionide  of,  ii.  itti            ^^^^M 

^^^H                      bromide  of,  ii,  1046 

Soila,  general  nature  of,  iii.  728           ^^^^H 

^^^H                      chloridoBof,  ii.  1044 

Solder,  plumber's,  ii,  930                        ^^^H 

^^^H                      cupcllatioQ  of,  ii.  1033 

Solidification  of  gasea,  i.  553,  157                 ^M 

^^^V                       cyanide  of,  iii.  585 

,,             heat  emitted  during,  L  150    ^B 

^^^V                       estimatioii  of,  ti.  1049 

Solubility  of  gaaea  in  water,  i.  78                  H 

^^^B                       extraction  of,  ii.  1015 

,,       inflnenee  of  beai  upon,  i.  66         ^| 

^^H                         fnhlerz,  ii.  987 

Solution,  difference  between  it  a&d  diemi- 

^^^B                       fine,  prepamtioD  of,  ii.  1041 

eal  combination,  1.  13,  6$ 

^^H                       falminate  of,  ii.  653 

Sorbin,  iii.  73 

^^^H               „      fulmtnaling,  11.  1041 

Sound,  auAlo^y  of  tta  meehankm  with  that 

^^H                      glance,  ii.  1043 

of  light,  i.  1 18 

^^^B                      iodide  of^  iL  1045 

,,     propagated  by  undulatjona,  i.  i  r9 

^^m                                    phot^igrapbjc,  QM   of,    ii. 

Sparieia,  iii,  166                                               ^1 

^^B                                           i>36,  1143 

Spathic  iron  ore,  ii.  871                                 ^H 

^^^B                      nitrate  (if,  iL  1046 

Specific  electrical  indaction,  L  197              ^^B 

^^^^^H               oxidea  of,  ii.  1043 

electricity,  iL  1113                    ^^^^B 
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Specific  gravity,  i.  17 

„  of  gases,  i.  19,  181 

,f  of  liqaids,  i.  28,  31 

,,  of  solids,  i.  39 

„  of  yapoors,  process  for,  i. 

184 
Specific  heat,  i.  iii 

,,  aid  in  fixing  equivalents,  ii. 

,,  altered  bj  compression,  i.  313 

,,  of  liquids   greater    than    of 

solids,  i.  115 

,,  relation  to  the  chemical  equi- 

valent, i.  216,  iii.  784 

„  rises  with  the  temperature,  i. 

Spectrum,  chemical  actions  of,  ii.  1147 
,,        photographic  properties  0^   ii. 

1 145 
„        solar,  i.  134 
Specular  iron  ore,  ii.  870 
Speculum  metal,  ii.  93 1 
Speiss,  ii.  855,  863 
Spelter,  ii.  844 
Spermaceti,  iii.  364 

Spheroidal  state  of  liquids,  by  heat,  i.  359 
Spinelle,  ii.  819 
Spirit  of  wine,  iii.  119 

,,  from  bread,  iii.  114 

Spirit  pyroxylic  (wood  spirit),  iii  135 
Spodumene,  ii.  770 
Sponge,  iii.  680 

Spongy  platinum,  action  of  hydrogen  on, 
i.  80 
,,  ,,  application  to  chemical 

decomposition,  ii.  1097. 
„  „  mode  of  preparing  it, 

it  1060 
Stalactites,  ii.  801 

Standard  pressure  for  gases,  i.  17,  49 
,,        solution  of  salt  for  silver  assays, 

ii.  1036 
,,        temperature  for  gases,  i.  180 
„        temperature  (France),  i.  17,  noie 
Standards  of  weight  and  measure,  L  15 
Stannates,  ii.  933 

Stannethyls,  various  forms  of,  ilL  114 
Starch,  iiL  73 

,,     method  of  using  as  test  for  iodiM^ 

ii.  547  ,       ,     « 

,,     occurrence  of^  in  animals,  iii.  78 
,,     i)otato,  iii.  76 
„     rice,  iii.  77 
„     sugar,  iii.  58 
,,     wheat,  iii.  76 
Steam-bath,  i.  331 
„     jet,  i.  334 
,,     latent  heat  o£^  i.  33^ 
, ,     production  of  eledridtj  hf,  '»  3'0 
„     temperature  o^  al  high 
i.  338 
Stearates,  iii  393 
Stearin,  iii.  3^7p  3T9^ 
Stearomanni«80i^3«4_ 
StearoptsoflroiHiU.41^ 


Steatite,  ii.  800 
Steel,  blistereci,  ii.  885 

„     cast,  ii.  887 

,,     natural,  ii.  885 

,,     shear,  ii.  887 

,,     tempering  of,  it  888 

„     tilteid,  ii.  887 
St.  Elmo's  fire,  i.  314 
Stibethyl,  or  stibiotriethyl,  iii.  936 
Stibiotetramethylium,  iii.  337 
Stibiotrimethyl,  iii.  337. 
Stick-lac,  iii.  504 
Stilbite,  ii.  830 
Stilbyl,  iii.  467 

,,     chloride  of^  iii.  469 
Still  and  worm  tub,  i.  335 
Stoneware,  ii.  833 
Sturax,  iii.  478 
Stratification,  ii.  677 
Stream  tin,  ii.  935 
Striking  distance  for  electric  discharges,  i. 

306 
Strontia,  ii.  789 

,1      estimation  of,  iu  813 
„       salts  of,  iL  790 
Strontium,  ii.  789 
Strychnia,  iii.  387 
Stucco,  ii.  801 
Styracin,  iii.  478 
Styrone,  iii.  477 
Styrole,  iii.  478 
Submarine  telegraphic  oonductiag  wire»  i. 

393 
Subsalts,  ii.  716 

„      electrolysis  of,  ii.  1115 
Substitution,  iii.  44 

, ,         of  diloiine  for  byiirapn. iiL  45 
,,         of  peroxide  of  mtn^pMi  ^  by« 
drogen,  iii.  49 
Soodnate  of  iiMlhyl-«dkTU  iiL  4$; 
Succinates,  iiL  436 
Suoonamide^  iiL  34 1 
Soocinie  o^ydiloriile.  iiL  436 
Snoeinimide,  iiL  141 
SucroM  (eaat  siifarV  iiL  54 
Suet^  iiL36l4 

Sugar,  artKNi  «M^>larit«U  U^t«  L  15^  iiL 
61 
„      Wf(«iw«^  iiL  (V4 
„      <aM^  ill  <♦.  n 
,«      diaK(4k\  iiL  <c 
,«      eftiiaaUott  ^^^^  i-.   ,v 
,«      ffnMttiauoA  ^<  u:.  toss 

^      ia  ^^rr,  uv  5s\  :  i^ 
m*9xdk'««:v  ,<  ut.  M 

*.      ircNxi^-^^.-tt  ,'t:  ia  uiw  by  ixmaiMA 
•»      WVvst*  iectrftu«^»  v<  £EL  ^1 

^^^•*:<»  .<•:•.  «^  •: 
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i  66,  a.  747 
.  2.  574 

a.  5B0 


pliHi^ltf  II,  tit.  141 
pftMbi,  u.  5S3.  694 
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n.  III! 

Mplwc7«aidca»  tii  600 

SalpliOBaphlliaHii,  iiL  574 
Bii]|ilio*«ltSk  u*  709 

8ml|ih«mBM««»  or  n^hetlt^iatei^  ixL  143 
Solphnr^  iL  558 

y,       bromida  of;  ii.  587 

,,       chlocidei  oft  iL  fJSd 

,,      eoiDfioiuub  wHli  oxygen,  iL  561 

^      dc&eitj  of  ill  Tsponr,  uL  |<|8 

,,       fititiMfcti"n  o^  it  (>97 

^,       flowen  oi^  iL  55S 

,,       roodifiefttaonM  of;  iL  f6o 

,,       iodide  of,  ii.  587 
Snlphiircttcd  bjdrogen,  ii.  580 
S&lpliiirie  add,  aohirdnma,  iL  571 
,,  Kordhamen,  ii.  571 

pfooen  of  niuiiifiMiiire,  iL 

I  oi;  B.  57J 
,  ii.  570 
tlieofy  of  it!  IbniiAttoii,  ii. 
567 

,y  various  hjdraiea  of;  iL  571 

Sonadi,  tumia  of,  iiL  345^  346 
ioauuMng  of  leather,  iiL  675 
Bmm^  iiL  718 
HfWiite^  ii.  B30 
Gi^bols,  cbemical,  L  99 
i^Bftptaae  (enitilaiii),  ilL  4^5 
Bfjkan,  L  45 

Tauli  of  abiiorbAbili^  of  dllTereJit  kind^  of 
heat,  L  104 
^,      abtorption  of  gsMi  by  charcoal, 

,,       artificial  bases,  m.  106 

„       ulctihol,  beterologoufl  derivatives 

of,  iiL  418 
, ,       alcohol  radicles,  ui.  194 
,,  ,,       ttreogtb  of,  iU.  814,  815 

,,       alcohoU,  lit.  17,  119 
,,       atdehyds,  iiL  130 
,,       allytic  iMsries,  tii.  f^oo 
,,       ammoiiiA,  ■olatioUi    atrength  o^ 

iL  514 
aubydridea  of  organic  acids,  iiL 

3"5,  3'7 

aqueous  rapour, teosioD  o^iiLSi^ 


of  oxides^    ilL 


%SL: 

iiL  tSk 


iu-;77«>.  7T«.  77^ 

li^aid^iiL  776 
aidttio    wlttttoi   of    eKeAe&iAiy 

alomie    vx^imea     of    fbanaimj 

•olida,  &L  764 
aloBie    v^amaa 

7^  770 
atooue  vQlsmea  of  aalte  ia  fr>Im1loB, 

iiL  774 
aS«eik  wcifbta,  L  I7«  iL  iifit 
Baiua^^a  kjdfoiMler,  iiL  807 
beBsoie  nries,  iiL  455 
ttennfej,  homiite^om  oi,  iiL  561 
Uood,  eoBVflstkM  «f,  IiL  660 
boilli^  poialg  ibI  QHioa  of  mM  ia 
aahitsoiiQguL  tl5 
„  of  water  midv  dif- 

ttj 
boHing  pointa  of  o(rfaoie  liqvidli, 
m.  779-7»« 
„  L  i« 

boQtt,  Ize,,  oompQaiVioa  of,  iii.  677 
capillarity  of  Jiqaldt,  L  6c 
oentigiade  tbennomieter,  viIbm  is 

'F.,  iiL8tt 
day,  analyBBi  of,  iL  899 
eoali^  aBaljMB  oi;  iiL  too 
Oomtma^Mitiy  of  liquids,  L  54 
donduefcitig  poirer  of  aololioai  tor 

dactricity,  i.  565 
eondueiitig  power  for  heat,  L  t88 
daeraaae  of  iemperatiii«  in  air  al 

iaereaaiiig  alutudea,  L  114 
density  of  air  at  iucreasljig  alti« 

todea,  L  51 
diatheriDacy,  i.  907 
diffoaoii  aad  effusion  of  gasei^  L84 

,,       of  Uquids,  L  69 
Dotcb    liquid    and    hydrochloric 

ether,  compared,  iii.  47 
efflux  of  liqnjda,  L  77 
elastici^  of  gaseaof  high  preMBre^ 

L  36,  note 
elasticity  of  vapovtr  wider  ititeuaa 

pressure  (Latonr),  L  956 
dectrical     ootidocti^g    power    of 

metals,  i«  56  c 
dectrical  inffulAlora,  1.  375 
dectro" chemical  order  of  detaen* 

tary  bodies,  L  319 
eqai-difi^Qdve  groups,  L  70 
eqoivalenta  of  dements,  L  17,  U. 

i(6t 
essetitial  oIK  111.  448 
etlicrs,  dtiontuiteil,  iii«  181 
„       etbylie,  iii.  161 
, ,      Eoethy lie  and  other,  iii.  1 78 


i 


TAB 


849 


TEL 


Fable  of  eraporation,  rate  of,  i.  145,  149 
,,       expansion  of  gases,  L  1 70 
,,  ,,  liquids,  i.  168 

„  M  solids,    L   166,   175, 

iii.  767 
,,        fatty  acids,  iii.  387 
,,       fusing  points,  i.  119 
,,       gelatigenous  tissues,  iii.  665 
,,       Gerhardt*s  eqoiTalents,  ii.  T161 
,,       glass,  analyses  of,  ii.  760 
„       grain,  analyses  of,  iii.  1 1 1 
,,       grammes  in  grains,  iii .  809 
,,       Greenwich   factors    for    wet-bulb 

hygrometer,  i.  251 
, ,       heat  evol  vcd  d  uring  basic  substitu- 
tions, iii.  804 
,,  ,,  by  combination  with 

chlorine,    bromine, 
and  iodine,  iii.  794 
,,  ,,  during  combustion  in 

oxygen,  iii.  793 
„  „  during  metallic  pre- 

cipitations, iii.  801 
„       heat  in  conductora  developed  by 

electricity,  i,  30  r 
,,        homologous  series,  iiL  31,  33 
,,        horny  matter,  composition  of,  iiL 

679 
,,       hydrocarbons  from  the  alcohols, 

iii.  180 
,,       hydrochloric  acid,  strengths  of,  ii. 

,,       increase  of   mean  dilatation    by 

heat,  i.  175 

,,  iron  cast,  analysis  of,  ii.  880 

,,  isologous  groups,  iii.  430 

,,  isomorphous  groups,  i.  no 

„  kakodyl  series,  iii.  121 

,,  latent  heat  of  liquids,  i.  318 
I,  tf  rapours,  i.  131 

„  lichen  compounds,  iii.  541 

„  liquefaction  of  gases,  i.  157 

, ,  magnetics  and  diamagnetics,  i.  43 1 

„  malleability  and  ductility,  ii.  669 

,,  metals,  classification  of,  ii.  437 
, ,  „       fusibility  of,  ii .  67 1 

,,  ,,       specific  gravity  of,  ii.  671 

„  ,,       tenacity  of,  iL  667,  668 

«    „  millimetres  in  inches,  iii.  810 

,.  milk,  composition  of,  ilL  696 

,,  naphthalin,  chlorides  of,  iii.  577 

„  nitric  acid,  sp.  gr.  of,  ii.  503 

,,  oleic  series,  acids  of,  iii.  4 18 

,,  opium  bases,  iii.  176 

,,  oxalic  series,  acids  o^  iii.  43  j 

„  oxychlorides  of  organic  adds,  iii. 

313,  314 
,,      phenicadd  deriratiTes,  iiL  570 
,,      polymeric  hydrocarbom,  ii.  654 
,,      porcelain,  analysis  of,  U.  834 
„      potashsolDtion%ste«iigtho£iLri5 
, ,      protoie  groups  oompoaiiioiioi;  iii  A^  < 
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Talo,iL  809 
Tallow,  iii.  3^ 
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Tannings  j>i\x>mt  (\f,  iiL  671 
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,,  w^v^L  iii.  550 

,,  shaK  iii   5S> 
TWtar,  vT>«m  %<  iii.  3^0 
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T«nmriaa^  ii.  970 

„        taHfl  for,  ii.  97s 
Ttapeimtwt  oC  air,  diwiiifihdl  bj  alerm- 
tioD,  L  114 
,,  distinicmalMd  from  hmi,  L  164 
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1107 
TmpOTiBg  oC  itMl,  ii.  888 
TcBiMtite,  iL  987 

TmAm  of  Tapoan,  Dalii>ii*s  Uw  of,  L  141 
Tcrl»iaa^  ii.  843 
T«rBb«ii«,  iii.  440 
IW^bcMi  (eunpliogcnt),  iii.  437 
Ttn^mtkmtt  iiL  439 
Ttwbil— ,  iii.  44* 
tmopokmmatk,  iiL  285 
Ttrpitt*,  iii  438,  443 
Terpinol,  iiL  438,  443 
Tentwmn  (triiteMiii),  iii.  381 
Test  papcn,  coloared,  him  of,  L  6 
Teirmai«UijrIioin,  iii.  110 
Tetrethjrliam,  iiL  an 
Teirethylurea,  iiL  616 
Ttirjl  ^batyl,  raljl),  iiL  195 
Tviryl-amyl,  iiL  194 
Tciryl'lMxyl,  iii.  194 

TatrjlcM  (bntylftiie,  oil  pm),  iL  643,  iiL  190 
Vvtrylia  rbstjUmin*^  iiL  ii« 
Thabiift  (pwmmorphb),  iiL  979,  183 
TMm  (eaSnae),  iii.  lOi 
Tliteaid'a  Um,  iL  856 
Tb^MTdili^  iL  747 
TlioobffomiMi,  iiL  397 
Thtory  of  mlU,  iL  703 
TbenuoehrouB,  i.  108 
Thermo^cctric  battery,  diemioal  effecta  of, 
L  410 
,,  „        oomparad  with  vol- 

taic eurrenta,  L  409 
„  order  of  the  metali,  i.  409 

Thermo-electricity,  i.  407 
Thcrmometens  centigrade,  taUe  of,  iii.  81 1 
,,  differeot  forms  of,  L  174 

, ,  principle  of  graduaUon,  L 1 7 1 

,,  various  scales  of,  L  173 

Therm oniultiplier,  i.  410 
Thialdine,  iii.  254 
TbionorateA,  iii.  638 
Thiosinnamine,  iii.  498 
Thorinom,  ii.  843 
Thorite,  ii.  843 
Thunder,  i.  311 
Tbymeno,  iii.  446 
Thymoile,  iii.  .447 
Tbymoilule,  ib. 
Thymole,  iii.  446 
Tin,  alloys  of,  ii.  930 
„  chlorides  of,  ii.  935 
,,  estimation  of,  ii.  937 
„  extraction  of,  ii.  926 
„  foil,  ii.  928 

„  general  properties  of,  ii.  938 
„  ores  of,  iL  ^25 
„  oxides  of,  ii.  931 
„  stone,  ii.  935 


^Rb,  inlpliidea  ol^  iL  934 
„     testa  for,  iL  936 
T^-plat«,  iL  919 
Titanium,  iL  938 

,,       bidiloride  0^  uL  940 

,,       bisalphide  of,  iL  940 

„       estimation  o^  ii.  940 
Tobaooo,  iiL  167 
Tolnidine,  iiL  103,  359,  467 
Toluole,  iiL  479,  565 
Topaa,  iL  832 

Torpedo,  electric  phenomena  0^  L  411 
Touch  needles  for  aasayera,  iL  1054,  lute 
Touch  stone  ii.  1054,  note 
Tourmaline  becomes  eketrieal  by  hoi,  L 
309 

„  its  polariang  action  oa  liibt, 

L  150 
Trachyte,  iL  830 
Trade  winda,  i.  194 
Transfer  of  elements  during  Toltiie  actioB, 

L  334,  u.  1115 
Transparency  not  perfect,  L  I3S 
Transpiration  of  gases,  L  84 

„  of  Tapoura,  L  87 

Trap,  iL  830 
Travertine,  iL  803 
Trioetylia,  iii.  312 
Trichloracetamide,  iii.  339 
Trichloraldehyd  (chloral),  iii.  183 
Trichloraniline,  iiL  41,  358,  536 
Triethylia,  iiL  311 
Triethylophenylium,  iiL  101 
Trimethylia,  iii.  310 
Trimorphism,  L  113 
Tristearin  (terstearin),  iiL  381 
Trisnccinamide,  iii.  343 
Tritylene,  or  propylene,  iii.  190,  377 
Tritylia  (propylamine),  iii.  3i3 
Trommer's  test  for  diabetic  sogar,  iii.  717 
Trona,  iL  754 
Tufa,  ii.  803 
Tnngstates,  ii.  946 

,,        atomic  volume  o^  iiL  771 
Tungsten,  ii.  945 

,,       chlorides  of,  ii.  947 

,,       sulphides  of,  ii.  947 

„      tests  for,  ii.  947 
Turkey  red  dye,  iii.  547 
Turmeric,  iii.  516 
Turner's  yellow,  ii.  1003 
Turpentine,  Chian,  iii.  438 

,,  circular  polarixation  of,  L  158 

,,  oil  of,  iii.  438 

, ,  oxide  of,  hydrated,  iiL  443 

,,  Venice,  iii.  438 

Tnrpeth,  mineral,  ii.  io3i 
Turquoise,  ii.  836 
Tutty,  ii.  84P 
Type  metal,  li.  950 
Types,  chemical  theory  of,  iii.  37 
Tyrosine,  iiL  637 

Ulmiv,  iii.  94 
Ultramarine,  ii.  837 
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Undiilations  of  light,  frequency  in  different 
ooloon,  i.  141 
„        mecliAnisin  of,  i.  laa 
TTndnlatory  hypothesis  of  light,  i.  118 
Unit  jar,  i.  ip5 
Urmmil,  iiL  (^8 
Uranite,  ii.  867 
Uraniam,  iL  867 

,,      estimation  of,  ii.  870 
„       salts  of,  ii.  868 
„      tests  for,  iL  869 
Urates,  iiL  630 

„     variation  in  quantity  in  urine,  iiL 

TT        ...  c  ^'3 
Urea,  m.  6o<) 

,,     artificial  production  of,  iiL  175,  610 

„     compounds,   with    salts   and    with 

metallic  oxides,  iii.  6ia 
„    compounds  with  nitrate  of  merenxy, 

iiL  611 
„     formation  from  albtlme^  ^.,  iiL  646 
„    Liebig's  process  for  estimating,  iii. 

Ureas,  compound,  iiL  175,  615 

Ureides,  iii.  617 

Urethane,  iii.  174 

Uric  (zanthic)  oxide,  iii.  641 

Uric  acid,  deriratiyes  of,  iiL  631 

Uril,  iii.  63a 

Urinary  calculi,  iii.  715,  716 

„      deposits,  iiL  714 
Urine,  albuminous,  iii.  718 

„     diabetic,  iii.  717 

„     normal,  iii.  711 

„     of  animals,  iiL  711 

Yalxbaldihtd,  iii.  139 
Yaleramide,  iii.  339 
Yalerone,  iii.  311 
Yaleronitrile,  iii.  139 
Yalerureide,  iiL  617 
Yalonia,  iii.  345 
Valyl  (tetryl,  butyl),  iii.  195 
Yanadiates,  ii.  948 
Yanadium,  ii.  947 

„         chlorides  of,  ii.  949 

,,         sulphides  of,  t6. 

„         tests  for,  ib. 
Yanning,  ii.  683 

Yapours  of  &tty  acids,  anomaly  in  their 
volume,  iii.  388 
„        point  of  maximum  density,  L  14a 
„        their  relation  to  gases,  L  151 
Yariation  of  the  compass,  L  ^70 
Yamiahes,  iiL  502 

Yegetable  alkaloids  (ttt  Organic  Bases), 
iiL  344,  €t  seq, 

„        cell,  functions  of,  iii.  7^^ 

,,        colours,  action  of  spectrum  on, 

"•  "49  .    a 

YegetaUes,  their  deoxidizing  actions,  ii.  4^' 
Yalocity  of  electricity,  i.  304 
Yelodtyof  eteotridty,  Wheatstone's  »«•' 
suremtnt  it  L  ^oa 


Yentilation,  L  193 
Yeratria,  iii.  190 
Yermilion,  iL  1014 
Yertidine,  iii.  580 

Yibration,  mechanical  power  of,  L  iiT 
Yinegar,  manufacture  of,  iii.  404 
Yinic  adds,  iii.  28,  141 
Yiscosity  and  Gmpidity,  i.  55 
Yisual  impressions,  duration  of,  L  193 
Yitellin,  iii.  658 

Yitreous  and  resinous  electricity,  L  974 
Yiyianite,  ii.  90a 
Yolta-electric  induction,  L  396 
Yoltaic  arc,  L  366 
Yoltaic  battery,  Bunsen*s,  L  349 
„  „        Causes  of  decline  in  power^ 

1^338 
„  i,        DanieU's,  L  339 

„  „        Grove's,  L  341 

„  „        Smee's,  L  341 

„  „        what  the  most   effective 

combination,  L  355 
„      circuit,  L  317 
,,      drcuits,    simple   and   eompoimdi 

i.  345 
„  „       with  one  metal  and  two 

liquids,  i.  333 
„      conduction,  measurement  of,  L  $66 
„      current,  defined,  i.  316 
„  „    chemical  action  of,  L  3  50, 368 

„  ,,     its  direction,  i.  398 

,,  II    its  influence  on  a  magnet^ 

L  318 
„  „    requisite  oonditiohs  to  pto* 

duction  of,  L  335 
„      electricity,  elementary  fscts  of^  i. 

316 
„      local  action,  L  397 

•I      Pil«,  i.  3«i 

„     polarisation  preoedes  the  enrrent» 
L  396 
Yoltameter,  L  359 
Yoltatype,  ii.  it 94 
Ynlcanised  caoutchouc^  iii.  5^8 

Wad,  iL  gig 

Warming  buildings  by  hoi  w^ter,  L  199 

„  „  byitWB.L99I 

Washing  of  metallic  ores,  ii.  081 
Water,  analysis  of,  by  electricity,  iL  463 

,^  „  by  potassium,  and  by 

iron,  ii.  463 

„      anomalous  expansion  ot,   by  heat^ 

L  179 
„      barometer,  L  49  0 

„      battery,  L  377 
, ,      composition  of.expaimentsof  Domas, 

ii.  470,  "57 
»»      decomposition  of,  by  eleotridty*  iL 

4^3.  "»3 
>»  „  by  high  tempera- 
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Water,  btedag  ci^hjiU  owm  < 
L  iig 
„      fuae^tm»  at,  in 
457.  707t  713 

„     hard  aad  soft,  iL  461 

,,      wuudmnm  di  ■■it j  <£,  L  180 

„     matmnX  Tsrieliei  at,  n.  458 

„     of  cfjitelliiitioa,  a&. 

„      Mline  or  eofutitalinfBaly  iL  713 

„     sjntliab  <rf^  iL  466 

„      wo^i  of  enbie  intk  of,  L  15 
Water-oreB,  i.  iif,  iiL  6 
WaTdlite,  iL  S16 
Wax,  beoT,  iiL  365 

„     ChineM,  iiL  366,  mote 
Wd^iitB,  So^Jah  and  Frendi,  L  34 

„         oomparatiTe  tables  ai,  iiL  808, 
809 
Weld,  oolonring  matter  ci,  iii.  517 
Welding,  L  56 ;  iL  673 
White  flux,  iiL  339 

„     lead,  iL  1000 

„     precipitate,  iL  783, 1019 
Winet  and  spirits,  iiL  133 
Witherite,  ii.  788 
Woad,  iiL  538 
Wolfram,  iL  946 
Wood,  decay  o^  iiL  05 

„     products  of  disftillatioii  at,  iiL  550^ 
et  teq. 
Wood  spirit,  iiL  T35 
Woot*,iL887 
WonUe'i  apparatus,  iL  5 1 5 


XAMrmMam,  vL  546 
Xai&ie  (vie)  oi^de^  iiL  643 
XaBtbin,  iiL  546 
Xwithsffcamsiii,  iiL  518 
Xyiidine,  iiL  359 
Xyloidin,  iiL  91 
X jlole,  iiL  565 

TsAST,  cumpusiikn  at,  iiL  107 

„       derebpneBt  at,  iiL  106 

„       sediment,  iiL  105 

„       8ixr£ifie,  iiL  105 
Telknr  dje  stafi^  iiL  516 

Zawwwm,  iL  855 
ZambonTs  pile,  L  376 
Zeolites,  iL  839 
Zine^  iL  844 

„     eariiQttate  o^  iL  850 

„     chloride  ol^  iL  849 

„    cyanide  ai,  iiL  585 

„     fstimation  oi^  ii.  851 

„     sulphate  of,  iL  850 

„     sulphide  of^  iL  849 

,,     tests  for,  ii.  850 

,,     white,  848 
Zinc-amyl,  iii.  319 
Zinc-ethyl,  iiL  317 
Zinc-methyl,  iii.  316 
Zinoode,  defined,  L  370 

„      hotter  than   platinode  in  Toltaic 
arc,  i.  368 
Ziroonia,  iL  841 
Zirconium,  ii.  841 
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KCl,  „    HO. 

C,CI,HO.  „    C,Cl,HO^ 

t«p,        „   (Uernd^  hmtf  1  CI,  nmd  1  CO. 
„   3H0,n»liH0. 


KM  ff    ««H«. 

ikiide  •fame,  wmd  ifmiide  ^fmmfL 
C,H,,y,  „    Cgfi^S. 

C,^,,H,y,         „    C„H,„  H^. 

«oft        ff   <C^H,Z«0>,      „    iC.H.O.Z^)- 

bottom  „   4(C^H^A      »    4«CA'A^- 

„     <«h  I  m  tWIbfsvk. 

„      i»ri(C„H/>«}        „    i(C,A3fO^>. 

top,       after  (C^H^l  iwrt  K. 

„         for  CJUJRfl^  rad  CmH^.O^. 

„         iMted  of  t^  CpTBvk  Cor  aeetowc  add,  read  [1  HO, 

CJBIj^O^  »  i(HO,  C^O^  iC,H,OJ. 

„  „  iHO,  C^H^O^  nad  1  HO,  CmH^O^. 

„   CaO,  C^,«0^  4  Aq,  read  1  CaO,  C^^O^  4  Aq. 

top,        „   tawiraiiCj  read  tartrdie, 

„  „   tmrtnUe,    „    tartralic 

„        int  w«d,  fiv  aMloM^  read  aoti^ 

bottoM,  aad  p.  349^7]iBeBfroBtoi>,  CorC^HMO^readC^MO,^ 

tofst^lndLeiisMiqilaeed;  tke  formula  ilwald  be  [i(KO,i  HO, 

C„H/),)  +  3  HO.  C„H,0«  «Aq]. 

351,  10        „        top,  dda  iaomenc  wiik  eUagie  acid  ;  Uii. 

31^7.  Tha  formols  of  aU  the  adds  iatke  fluid  adamB  of  the  talile,ezeepitkeozalk^ 

ihoold  eoBtam  Hg  Bon  than  is  gtrca. 

414,    9  liDes  froB  top^  for  Cfctf /onnae^  nad  <&«oybnaie. 

453,13        „         boUoa^  for  BtH,  1  (HO,  BiO),  read  1  BtH,  (HO,  BiO). 

454f  10        „         top,        „   C^H,  H,H,  „    C„H„  H^. 

463,    9        ..         »««*<«f  ••   HO,C„H.(H^/),   „    HO,C^H.aBWO^ 

467,  10       „         top,        „  Ci^H^,  „    C„H^. 

461.  Thefona«Ufor9udtheniteflrmeih7ln^^^a^^^nn>V<>>^;  H  should  ba 

CAO,  C. A(C,H,)0, 

485, 11  linei  from  bottom,  HO,  Ci^HgHOf,  read  HO,  C„H^O^ 

517,10        „        top,        forHO,  IbO,       „    HO,  Ia,H,0^ 

538,  18        „        bottom,   „  HO,  0|A/>i»  Ttmd  HO,  C^|«0„. 

571,    5        „  „        „  UsK,  tead  worn. 

595.  In  taUe,  the  line  of  formal*  for  forridejranide  of  potaasinm  and  bariam  Aovld 

be  KBa^C,  AP«i  '*  ^  HO,  KBa,,  Fdcy,  6  Aq. 

645,  11  lines  from  top^  dele  the, 

752.    4        ft        bottom,  for  abomif  tead  more  ikam, 

761,  top  of  table  opposite  bTdroejanie  add,  for  14     tead    13-5. 

761,  oppodte  bisulphide  of  earboo,  „    40       „      38. 

„        „        ilaoride  of  bonm,  „    349    „      39-4- 

CJCL  C-C3 

„        „        seaqnidilor.  earboo,  Uqnid,       „    -^  „      — ■ 


FAILURE  OP  MATiaiOTTE's   LAW  AT  GREAT    FUESSUEES. 


255 


of  small  air*gauges,  which  he  enclosed  in  the  tubes  employed  for  the 
condensation  (fig.  t2o).  These  gauges  consisted  of  a  somewhat 
conical  capillary  tube  of  glass,  ivhich  was  divided  into  parts  of  equal 
capacity,  by  introducing  into  the  tube  a  globule  of  mercur}%  shown 
at  ff ,  which  was  made  to  occupy  each  part  of  the  tube  in  succession  ; 
the  length  of  the  little  cylinder  into  which  the  mercury  was  re- 
duced in  each  portion  of  the  tube  was  marked  upon  the  glass  with 
black  varnish.  The  mercury  was  then  transferred  towarda  the 
widest  extremity,  and  the  tube  was  sealed  at  its  narrow  end-  A 
known  volume  of  air  was  thus  included,  and  by  the  compression 
which  this  air  experienced  in  the  course  of  the  experiment  (the 
bulk  being  inversely  as  the  pressure)  the  elastic  force  of  the  gas 
luider  examination  w^as  easily  calculated.  It  is  remarkable  that 
many  of  these  condensed  liquids  expand  upon  the  application  of 
heat  more  rapidly  than  the  gases  themselves.  It  has  been  also 
found  that  Marriottc's  law  (26),  according  to  which  the  elasticity  of 
a  gas  increases  directly  as  the  pressure,  although  correct  for  pres- 
sures at  some  distance  al>ovc  the  point  of  condensation,  does  not 
hold  good  as  this  term  is  approached ;  probably,  as  suggested  by 
Berzelius,  because  the  distance  to  whicli  the  particles  are  separated 
is  not  sufficient  entirely  to  overcome  the  cohesive  force,  whicli  in- 
crcaaes  in  power  the  more  nearly  the  point  of  condensation  is 
reached  (see  note,  page  36,  and  page  170). 

Although  indicatiotis  of  this  departure  fi-om  !^^a^viotte^s  law 
have  been  observcil  at  common  temperatures,  with  some  of  the 
more  condensihle  gases,  such  as  sulphurous  acid,  sulphuretted 
hydrogen,  cyanogen,  and  ammonia,  it  was  most  distinctly  exhibited 
in  the  experiments  of  Cagniard  de  Latour  (Ann.  de  Chimie^  II. 
xxi*  and  rxii).  De  Latour  partially  filled  some  strong  glass 
tubes  with  water,  with  alcohol,  with  ether,  and  with  some  other 
liquids,  fumij?«hed  them  with  gauges,  and  hermetically  sealed 
them.  He  then  cautiously  raised  the  temperature.  The  alcohol 
(sp,  gr.  0*844),  ^hich  occupied  %  the  capacity  of  the  tube,  gradually 
expanded  to  double  its  vohime,  and  then  suddenly  disappeared  in 
vapour,  at  a  temperature  of  4973°  F.;  it  then  exerted  a  pressure  of 
a1>out  119  atmospheres.  Ether  becomes  gaseous  at  392*^,  in  a 
space  equal  to  double  its  original  bulk,  exerting  a  pressure  of  37.^ 
atmo!^phcres ;  whereas,  if  Marriotte's  law^  held  good  in  these  eases, 
calculating  from  the  volume  of  vapour  whicli  a  certain  bulk  of  each 
liquid  yields  under  the  atmospheric  pressure,  ether  should  have 
exerted  a  force  equal  to  about  157  atmospheres,  and  alcohol  of  at 
least  3 1 8.  Water  w  as  found  to  become  gaseous  in  a  space  equal  to 
about  four  times  its  original  bulk,  at  a  temperature  of  aliout  773*^ 
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(that  of  melting  zinc)*  So  great  was  the  solvent  power  of  water 
glass^  at  tliis  high  tein[]erature,  that  the  addition  of  a  little  carl 
iiate  of  soda  was  necessary  to  diminish  the  action  on  the  glass,  whicl 
frequently  gave  way  until  this  expedient  was  adopted.  As  the  vapou 
cooled^  a  point  was  observed  at  which  a  sort  of  cloud  filled  the 
tube,  and,  in  a  few  moments  after,  the  liquid  suddenly  reappeared. 
It  will  be  seen  from  the  subjoined  table,  that  even  after  the 
liquid  has  wholly  disappeared,  the  increase  in  the  clastic  force  of 
the  vapour,  as  the  temperature  rises,  is  as  rapid  as  before  it  had  all 
volatilized,  and  indeed  it  continues  to  increase  in  a  proportion  far 
greater  than  that  which  would  be  produced  in  air  by  an  equal  el{ 
vat  ion  of  temperature.  Atmospheric  air,  under  a  pressure  of  37 
atmospheres  at  3  70"^ F.,  would,  at  482*^,  exert  a  force  of  42*4,  and 
6 17^  of  48*6  atmospheres,  whereas  the  corresponding  pressures  with 
ether  were  86\^  and  130*9  atmospheres.  In  the  case  of  the  two 
experiments  with  ether,  the  increase  in  elasticity  is  greatest  at 
fir^t  in  the  tube  which  contains  the  smallest  proportion  of  liquid  ; 
probably  because  the  influence  of  cohesive  attraction  is  more  com 
pletely  overcome  in  the  tube  which  admits  of  the  greatest  distam 
between  the  particles  of  the  vapour  i— 

Cagniard  de  Latour's  Experiments, 
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fin 


Etber. 

ottrbon* 

Volume,  M  U(]iiid 

Yc^lome,  m  Hqaid 

Volume,  M  lli|ttid 

Ttmponiwee. 

7  l>»ru. 

34t»rt«. 

S  p»rU» 

''F. 

M  iriLp<vur  10  piu-U. 

«■  mpoiir  30  pArta. 

M  Tftpour  ao  pftTta. 

Pi-eitiir«  m 

Prefsare  In 

PrsMiireiii 

MiQotpherM, 

ttlnuMiikheret. 

313 

56 

4^3 

234*5 

''i 

55 

257 

106 

140 

7'9 

»79'5 

ia-9 

i7"5 

tO'O 

302 

180 

^^"5 

165 

3*4*5 

33-3 

28'5 

347 

38-., 

350 

30*3 

3<>9*6 

37'S* 

420* 

242 

3S^3 

48-5 

52'5 

388 

4t4'5 

m 

§80 

33'^ 

437 

403 

:r 

86-3 

47 '5 

705 

77I 

B^'n 

9^-3 

H 

sn 

1 04- 1 

I', 

6495 

1137 

8o'3 

98-9 

57^ 

"9'4 

!5 

636  J 

**37 

89 

1390 

iZO'9 

94 

«355 

•  At  thid  point  the  hqaid  had  entirely  disappeared  lu  vapour. 
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The  Binder  is  requested  to  cancel  pp.  255,  256, 
Part  /.,  and  substitute  the  leaf  here  given. 


